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FOREWORD 


The  study  reported  herein  represents  a  partial  fulfillment  of  the  oh- 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  xmits  of  measurement 

used  in  this  report  can  be 

convei'ted  to  metric 

units  as  follows: 

Multinlv 

By 

To  Obtain 

inches 

2.54 

centimeters 

feet 

0.3048 

meters 

square  inches 

6.4516 

square  centimeters 

square  feet 

0.092903 

square  meters 

pounds 

0.45359237 

kilograms 

pounds  per  square  inch 

0.070307 

kilograms  per 

square  centimeter 

poimds  per  cubic  foot 

16.0185 

kilograms  per  cubic 

meter 


mmM 


The  primary  otojecti\e  of  i^his  study  v;as  to  derive  relations  between 
soil  strength  and  other  soil  properties  that  can  be  used  to  predict  soil 
traf ficability . 

Data  fyom  95  test  sites  were  used.  Although  all  of  the  sites  were 
located  in  the  continental  United  States  (and  therefore  vrithin  the  temper* 
ate  zone)  they  varied  greatly  vri.th  respect  to  soil,  climate,  and 
physiography . 

The  measures  of  soil  strength  analyzed  were  cone  index  (CI),  rating 
cone  index  (RCI),  and  remolding  index  (Rl).  Soil  properties  analyzed  mth 
respect  to  strength  included  moisture  content  (Ml);  classes  as  defined  by 
the  U.  S.  Department  of  Agriculture  (USDA)  texturai.  soil  classification 
system  and  the  Unified  Soil  Classification  System  (USCS);  USDA  sand,  silt, 
and  clay  contents;  USCS  fines  content:  Atterberg  liquid  limit,  plastic 
limit,  and  plasticixy  index;  organic  matter  content;  and  dry  density. 
Analyses  were  based  only  on  data  from  the  6-  to  12-in.  soil  layer. 

Logarithmic  equations  (linear  ^-rith  logarithmic  coordinates)  were 
statistically  derived  for  each  set  of  Cl-hiC  and  RCI“IC  data  for  a  site  vdth 
three  or  more  observations.  From  those  sites  vdth  significant  (5^5  level) 
relations,  data  from  72  and  33  sites  were  selected  for  addition^  CI  and 
RCI  analyses,  respectively.  For  the  selected  sites,  values  of  IC  at  tvro 
levels  of  CI  and  RCI  (called  CI-IC  and  RCI-IC:  coefficients)  were  computed 
from  the  above-noted  equations;  relations  betvreen  the  coefficients  and  soil 
properties  were  then  statistically  derived.  Results  of  these  analyses  in¬ 
dicated  the  following: 

a.  CI  and  RCI  decrease  v/ith  an  increase  in  Id . 

b.  Arithmetic  slopes  of  CI-^^C  relations  are  approximately  paral¬ 
lel  regardless  of  soil  characteristics.  Arithmetic  slopes  of 
RCI-MC  relations  tend  to  become  flatter  with  decreases  an 
grain  size  or  increases  in  plasticity. 

c.  CI  and  RCI  are  very  sensitive  to  changes  in  MC. 

d.  Significant  relations  exist  between  Ml  at  given  levels  of  CI 
and  RCI  and  several  soil  propei-ties. 

e.  Values  of  Ml  at  given  levels  of  CI  and  RCI  increase  with  a 
decrease  in  grain  size  or  an  increase  in  plasticity. 
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f.  At  a  IC,  changes  in  Cl  ana  KCI  are  associated  primarily 

ivlth  claj'^  and/or  sand  contents  when  the  USDA  soil  separates 
are  considered  and  with  plastic  and/or  liquid  limits  when  the 
Atterbei-g  limits  are  considered. 

Tivo  general  methods  of  predicting  Cl  and  RCI  vrere  developed.  T'ne 
first  method  was  based  on  the  relations  betv/een  soil  properties  and  ^^C  at 
given  levels  of  Cl  and  RCI;  required  inputs  ai'e  soil  properties  and  an  f-K. 
The  second  method  was  based  on  the  relation  betvreen  CI-KC  coefficients  and 
the  relation  between  RCI-IC  coefficients;  required  inputs  are  a  representa¬ 
tive  CI-MC  or  RCI-MC  observation.  Predictions  were  made  with  data  used  in 
developing  relations;  ac'^uracies  were  not  good.  Based  on  the  Atterberg 
limits,  for  example,  standard  deviations  of  predicted  Cl  ranged  from  about 
27  at  a  Cl  level  of  50  to  about  133  at  a  Cl  level  of  3OO;  for  RCI,  stand¬ 
ard  deviations  ranged  from  about  19  at  an  RCI  level  of  25  to  about  9^  at 
an  RCI  level  of  200. 

Logarithmic  equations  were  also  derived  for  each  set  of  RI-IvC  data 
with  three  or  more  observations;  too  few  (I8)  relations  were  significant  to 
proceed  vath  the  same  types  of  analyses  used  for  Cl  and  RCI.  Relations 
were  established,  however,  between  mean  RI  (Rl)  and  soil  properties;  52 
sites  with  standard  deviations  from  the  mean  of  <0.08  RI  unit  were  se¬ 
lected  for  this  purpose.  Results  were  as  follows: 

a.  Significant  relations  exist  between  rT  and  several  soil 
properties . 

b.  RI  increases  vdth  a  decrease  in  grain  size  or  an  increase  in 
plasticity. 

Because  of  the  relation  that  exists  between  the  three  strength  meas¬ 
ures  studied,  i.e.,  RCI  =  (Cl)(Rl),  RI-MC-soil  property  relations  were 
studiea  using  the  previously  derived  Cl  and  RCI  relations.  Results  vrere  as 
follows : 

a.  For  most  soils  RI  decreases  with  an  increase  in  IdJ.  The  sen'* 
siti^'ity  of  RI  to  changes  in  IC  decreases  v/ith  a  decrease  in 
grain  size  or  an  increase  in  plasticity,  apparently  to  a 
point  idiere  RI  is  not  associated  with  MJ. 

b.  At  a  given  KC,  changes  in  RI  are  associated  primarily  witli 
clay  and/or  sand  contents  when  the  USDA  soil  separates  are 
considered  and  -v/ith  plastic  and/or  liquid  limits  when  the 
Atterberg  limits  are  considered. 

Tvro  appendixes  are  included  in  \dii"h  the  basic  data  and  procedures 
used  in  obtaining  the  basic  data  are  presented. 


FORECASTING  TRAFFICABILITY  OF  SOILS 


RELATIONS  OF  STRENGTH  TO  CTHER  PROPERTIES  OF 
FINE-GRAINED  SOILS  AND  SANDS  WITH  FINES 

PART  I :  INTRODUCTION 
Background 


1.  The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (vrES)  was 
introduced  to  the  field  of  trafficability  in  1945*  At  that  time  VIES  was 
requested  by  the  Engineer  Board  (now  the  U.  S.  Army  Mobility  Equipment  Re¬ 
search  and  Development  ’enter)  to  assist  in  developing  procedures  for  meas¬ 
uring  soil  trafficability  in  order  that  the  off-road  performance  of  mili¬ 
tary  vehicles  could  be  predicted.  In  response  to  this  and  subsequent  re¬ 
quests,  several  test  programs  designed  to  establish  soil-vehicle  perform¬ 
ance  relations  were  conducted.  Some  of  the  results  of  tests  on  fine¬ 
grained  soils  and  sands  with  fines,  poorlj*  drained  are  discussed  in  the 
following  subparagrapVis . 

a.  A  trafficuble  soil  condition  was  defined  as  being  one  that 
permits  40-50  passes,  with  stopping  if  necessary,  of  a 
given  vehicle  operating  at  slow  speeds  in  the  same  ruts. 

This  condition  also  allows  the  vehicle  to  enter  the  area, 
stop,  back  out  of  the  ruts  while  turning,  and  retreat  from 
the  area. 

b.  The  6-  to  12-in.*  soil  layer  was  considered  to  be  the  criti¬ 
cal  layer  because  the  strength  of  this  layer  could  be  re¬ 
lated  to  the  40-  to  50-i)ass  performance  of  most  military 
vehi  ,les . 

c.  For  prepared  soils  (reworked  to  uniform  moisture  and  density 
conditions)  consistent  relations  were  found  to  exist  between 
the  cone  index  (a  measure  of  soil  strength)  of  the  critical 
layer  and  vehicle  performance. 

d.  For  natural  soils  it  was  found  that  soil  strength  almost 
always  changes  with  traffic,  and  that  the  remolded  strength 
(rating  cone  index,  RCI)  of  the  critical  layer  is  closely 
related  to  vehicle  performance. 


*  A  table 
units  is 


of  factors  for  converting  British  units  of  measurement  to  metric 
given  on  page  ix. 
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e.  For  each  vehicle  tested  a  ininiimun  RCI  (vehicle  cone  indeXj 
yc*y\  ■^ound  “to  sxist,  'bns  vsHi.cl.s  could,  ncw 

jon^jlete  40-50  pas.ses.  '/Cl  i?  dependent  'open  and  can  be 
estimated  from  vehicle  parameters,  but  it  is  independent  of 
soil  characteristics.  A  condensed  tabulation  of  VCl's  of 
standard  military  vehicles  follows. 

Vehicle 

Cone 

Index 

Range  _ _ VbhicAe  and  Vehicle  Types _ 

20-29  *■5290  weasel,  M76  otter,  Canadian  snoi-nnobile,  and  some 

lightweight  experimental  vehicles.  Example:  VCI  of 
M29C  weasel  =  25- 

3O-U9  Engineer  and  high-speed  tractors  with  comparatively 
wide  tracks  and  io’.f  contact  pressures.  Examples: 

VCI  of  D7  engineer  tractor  =  40;  VCI  of  Mll4  armored 
personnel  carrier  =  37'. 

5O-59  Tractors  with  average  contact  pres.sures,  tanxs  with 

comparatively  Icn^  contact  pressures,  and  some  trailed 
vehicles  with  very  Im  contact  pressures.  Example: 
VCI  of  m43  medivun  tank  =  52. 

60-69  Most  medium  tanks,  tractors  with  high  contact  pres- 
siires,  and  all-wheel-drive  trucks  and  trailed  ve¬ 
hicles  with  lov;  contact  pressures.  Example;  VCI  of 
MI35,  2-1/2-ton  truck  =  62. 

7O-79  Most  all-wheel-drive  trucks,  a  great  number  of  trailed 
vehicles,  and  heavy  tanks.  Example:  VCI  of  l-’l/2- 
ton,  4x4  dump  truck  =  73- 

80-99  A  great  number  of  all~wheel-drive  and  rear-wheel-drive 
trucks,  and  trailed  vehicles  intended  primarily-  i’or 
highway  use.  Example;  VCI  of  l/2-ton,  4x2  pickup 
truck  =  88. 


100  or  Rear-vrtieel-drive  vehicles  and  others  that  generally  are 
greater  not  expected  to  operate  off  roads,  especially  in  wet 
soils.  Example:  VCI  of  5-ton,  4x2  dvjnp  truck  -  119- 


The  procedures  for  measuring  the  trafficability  of  soils  developed  from  tne 
test  programs  satisfied  the  original  request  of  the  Engineer  Board. 

2.  Recently,  investigations  have  been  made  into  variable  pass  per¬ 
formances  of  vehicles  on  fine-grained  soils.  Results  are  not  yet  conclu¬ 
sive.  In  accordance  with  the  40-  to  50-pass  criteria,  however,  indications 
are  that  the  capability  of  a  vehicle  for  completing  a  given  number  of 
passes  on  a  given  soil,  provided  that  adequate  traction  capacity  exists, 
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is  dependent  npon  the  cone  index  (Cl)  of  a  paih^icular  soil  layer  corrected 
for  remolding  effects.  The  results  indicate  that  the  depth  at  which  the 
critical  layer  lies  is  a  function  of  vehicle  contact  pressure.  For  most 
military  vehicles  results  tend  to  confirm  that  the  6-  to  12- in.  layer  is 
the  critical  layer,  but  that  the  critical  layer  lies  at  shallower  depths 
for  tracked  vehicles  and  at  deeper  depths  for  very  heavy,  wheeled  vehicles. 
Also,  indication.^  are  that  the  amount  of  soil  remolding  beneath  a  vehicle 
increases  with  an  increase  in  number  of  passes  and  that  results  from  the 
.standard  remolding  tests,  'which  were  designed  to  measure  soil  remolding  on 
a  HO-  to  50-pass  basis,  are  not  directly  appi.icabis  if  only  one  pass  or  a 
few  passes  of  a  vehicle  are  snade. 

3.  Earlier  studies  at  the  WES  shelved  that  for  a  given  soil,  strength 
changes  are  closely  related  to  changes  in  moisture  content-  At  the  request 
of  the  Corps  of  Engineers,  a  study  was  initiated  in  1951  by  the  Forest 
Sein'ice,  U.  S.  Department  of  Agriculture  (USDA),  to  develop  methods  for 
predi.cting  moisture  content  of  the  6-  to  12-in.  soil  layer.  Specifications 
were  that  the  methodology  be  based  on  data  readily  available  or  on  data 
easily  obtainable  in  the  field. 

4.  A  program  wa.$  initiated  to  collect  data  from  a  large  number  of 

diverse  in  soil-  climate,  and  physiography  in  order  that  a  vxidely 

e.pplicablc  method  for  predicting  moisture  could  be  derived.  Sites  vrere 
established  near  Vicksburg,  Miss.;  teams  were  sent  to  Forest  Service  sta¬ 
tions  in  various  states  to  maintain  si*'3  network.s  for  at  least  one  year; 
and  arrangements  were  made  with  various  \xniversities  and  governmental 
agencies  to  collect  iata.  A  method  for  predicting  soil  moist\ire  for  fine¬ 
grained  soil  end  sands  with  fines,  poorly  drained  ’.Tas  developed  and  re¬ 
ported  by  the  V7FS  in  1959-^*^ 

5-  Soil  strength  data  ./ere  also  taken  on  a  periodic  basis  at  the 
above-noted  sites.  Coincident  with  and  since  the  development  of  a  moisture 
prediction  system,  studies  have  been  made  to  establish  relations  oetween 
soil  strength  and  other  soil  properties.  These  relations  can  be  used  in 
conjunction  with  the  moisture  prediction  system  to  predict  and  possibly 
forecast  soil  trafficability. 
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Purpose 


6.  The  purpose  of  this  report  is  to  present  relations  between  soil 
strength  and  other  soil  properl;ies,  to  explain  how  these  relations  were 
derived,  and  to  show  how  they  can  be  used  in  the  prediction  of  soil 
traff icability . 


Scope 

7.  Data  collected  during  1901-1957  from  95  test  sites  were  used  in 
this  study.  The  sites  were  located  in  20  states  in  the  continental  United 
States;  general  locations  are  shown  in  fig.  1.  Althou^,  all  sites  were 
situated  within  the  temperate  zone  they  varied  greatly  with  respect  to 
soil,  climate,  and  physiography.  Bata  were  collected  only  for  fine-grained 
soils  and  sands  with  fines. 

8.  The  ineasrireu  of  soil  strength  analyzed  in  this  study  were  cone 
index  (Cl),  remolding  index  (RI),  and  rating  cone  index  (RCl).  (The 
strength  of  soil,  in  situ,  was  measured  with  a  cone  penetrometer  h-'-ving  a 
30-deg  right  circular  cone  with  a  basal  area  of  0.5  sq  in.  mounted  on  a 
5/8-in.>diam  staff;  the  penetrometer  provided  maximum  readings  of  300  Cl.) 
Soil  properties  analyzed  with  respect  to  strength  included  moistiu’s  con¬ 
tent;  classes  as  defined  by  the  USDA  text’iral  soil  classification  system 
and  Unified  Soil  Classification  System  (USCS);  USDA  sand,  silt,  and  clay 
contents;  USCS  fines  content;  Atterberg  liquid  limit  (LL),  plastic  limit 
(PL),  and  plasticity  index  (Pl);  organic  matter  content;  and  dry  density. 
Analyses  were  based  only  on  data  from  the  6-  to  12-in.  soil  layer;  there¬ 
fore,  results  apply  directly  only  to  that  layer. 

9.  Single-  and  multiple-factor  relations  were  established  between 
the  soil  strength  measures  and  soil  properties.  Procedures  for  using  de¬ 
rived  relations  for  the  prediction  of  Cl  and  RCI  vere  developed  and 
evaluated. 


h 
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Locations  of  test  sites 


PART  II:  ANALYSTS  OF  DATA 


10.  Analyses  pertaining  to  Cl,  RCI,  ana  RI  are  (Uscnsseo  separately 
herein.  Some  RI  relations  were  established  indirectly,  i.e.,  on  the  basis 
of  previously  derived  Cl  and  RCI  relations.  For  this  reason,  analyses  per¬ 
taining  to  RI  are  presented  last  in  this  section. 

11.  Data  on  strength,  moisture  content  (MC),  and  other  physical 
properties  of  the  soil  are  presented  in  Appendix  A.  Site  descriptive 
data,  although  not  used  in  the  analysis,  are  also  included  for  information 
purposes.  The  equipment  used  and  procedures  followed  in  measuring  soil 
strength  are  presented  in  Appendix  B. 

Cone  Index  (Cl) 

12.  Previous  studies  both  in  the  laboratory  and  in  the  field  have 

shown  that  for  a  given  soil,  an  increase  in  MC  is  associated  with  a  de- 

2-h 

crease  in  Cl.  Laboratory  studies  have  indicated  that  a  relatively 
smooth,  practically  scatter-free  curve  of  MC  versus  Cl  exists  for  a  given 
soil  (and  given  compactive  effort),  and  moreover  that  the  curve  shape  (but 
not  its  position  on  the  axes)  is  generally  similar  for  a  wide  variety  of 
fin^'-grained  soils.  Although  it  was  known  that  field  data  seldom  produced 
smooth,  scatter-free  curves  ’  ’  *  the  laboratory  results  suggested  that 
it  woiild  be  worthwhile  to  pursue  the  following  approach  for  estabiisliing 
Cl-soil  property  relations:  (a)  express  the  relation  between  Cl  and  soil 
MC  for  each  site  with  one  standard  equation  form,  (b)  select  coefficients 
that  would  define  the  CI-MC  relation  for  each  site,  and  (c)  relate  the  co- 
effi  ieiits  to  individual  soil  properties  and  combinations  of  soil  proper¬ 
ties.  The  ensuing  analyses  are  discussed  in  the  following  paragraphs. 

CI-MC  relations 

13.  Cl  values  that  were  used  in  the  CI-.MC  analysis  were  avez-aged  for 
a  given  visit  to  a  site.  Tiiese  site-visit  averages  are  referi-ed  to  as  Cl 
values  or  measurements  in  this  report.  It  was  recognized  that  some  of 
these  values  were  not  true  site  averages  because  3OO+  readings  were  in¬ 
cluded  (set-  paragraph  6  of  Appendix  B)  .  ho  attempt  was  made  to  eliminate 
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all  site  average  values  that  included  300+  readings,  however,  to  elimi¬ 
nate  some  of  the  erroneous  data,  site  average  values  of  300!  were  excluded 
in  all  CI-MC  relation  derivations. 

lU.  A  brief  resume  of  data  that  remained  for  analysis  is  tabulated 

below . 


No.  of  CI-MC 

No.  of 

No.  of  CI-MC 

No.  of 

Observations 

Sites 

Observations 

Sites 

0-2 

0 

30-39 

r 

y 

3-9 

l4 

40-49 

9 

10-19 

48 

50-59 

4 

20-29 

12 

6o+ 

3 

Total  95 

A  sufficient  number  of  observations  (i.e.  three  or  more)  viere  made  at  all 
sites  to  stauistically  derive  and  evaluate  Cl-l-iC  relations. 

15.  Selection  of  equation  form.  The  general  trend  of  decreasing  Cl 
with  increasing  MC  has  been  found  in  both  field  and  laboratory  studies. 

The  trend  of  plotted  field  data  for  a  site  v;ith  maximum  Cl  values  of  300 
can  seldom  be  positively  distinguished  as  being  something  other  than  lin¬ 
ear  (see  plate  l) .  However,  plotted  results  of  laboratoiy  tests  with  proc- 

2  3  5  7 

essed  soils  ’  and  field  tests  with  Cl  values  ranging  to  750  ’  usually 

form  distinct  curios  that  are  approximately  logarithmic  in  form,  i.e. 

In  Cl  =  a  +  b(ln  h'C) 

16.  An  attempt  was  made  to  determine  whether  the  linear  or  logarith¬ 
mic  equation  form  was  more  appropriate  for  ejrnrpssin^;  the  relation  between 
field-measured  Cl  and  MC.  Correlation  coefficients  were  computed  using 
both  arithmetic  and  logarithmic  values  of  Cl  and  MC  for  each  of  the  95  sets 
of  data.  VJhen  carried  to  three  decimal  places  the  correlaxion  coefficients 
based  on  logarithmic  va3.ues  were  higher  for  43  sets  of  data  and  lower  for 
51  sets  (values  were  equal  for  one  set  of  uota).  Although  slightly  favor¬ 
ing  a  linear  relation,  the  difference  in  the  abo 'e-raentioned  numbers  was 
nonsignificant  and  could  easily  be  attributed  to  cheuce.  Furthermore, 
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correlation  coefficients  were  nearly  the  same  in  all  cases,  the  largest 


difference  in  correlation  coefficients  favoring  the  linear  relation  for  a 
given  set  of  data  being  only  0.035 • 

17.  It  was  also  recognized  that  three  factors  would  tend  to  mask  a 
curvilinear  relation:  (a)  the  scatter  of  data,  (b)  the  short  ranges  over 
which  Cl  and  MC  were  generally  measured,  and  (c)  the  inclusion  of  site 
average  Cl's  that  were  based  on  one  or  more  3OO+  readings  (these  would 
tend  to  be  lower  than  the  true  Cl  values  and  be  clustered  at  low  moisture 
contents) . 


18.  It  was  finally  decided  to  relate  Cl  and  MC  on  a  loga.rithraic 
basis  primarily  because  of  the  following  reasons. 

a.  The  relations  for  data  obtained  in  laboratory  studies  and  in 
field  tests  with  Cl  values  ranging  to  750  were  approximately 
logarithmic  in  form. 

b.  The  use  of  a  logarithmic  equation  eliminated  the  possibility 
of  extrapolating  into  negative  Cl  and  MC  ranges. 

19.  Derivation  of  relations.  An  attempt  was  first  made  to  derive 
CI-MC  relations  using  conventional  regression  analysis  techniques .  Re¬ 
sults,  however,  indicated  that  high  Cl  (the  dependent  variable)  values  were 
being  estimated  low  and  low  Cl  values  were  being  estimated  high,  a  common 
phenomenon  associated  with  the  regression  anaDysis. 

20.  It  was  particularly  desirable  to  estimate  low  Cl  values  more 
accurately  since  they  are  indicative  of  critical  soil  trafficability  condi¬ 
tions.  Hence,  CI-.MC  relations  were  rederived  using  reduced  major  axis 
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analysis  techniques.  Res\ilts  shovred  that  these  relations  (hereafter 

referred  to  as  specific  relations)  more  closely  approximated  low  measured 
Cl  values  than  did  the  relations  derived  by  conventional  regression  analy¬ 
sis  techniques. 

21.  Numbers  of  observations,  correlation  coefficients,  levels  of 
significance  (l^  and  5^) >  and  equations  of  specific  relations  significant 
at  the  51b  level  are  included  in  table  1.  For  the  95  sites,  7^  (76l^)  of  the 
relations  were  significant  at  the  51^  level,  and  64  (671(1)  were  significant 
at  the  IPjo  level.  All  relations  significant  at  the  5^  level  showed  that  Cl 
decreases  with  an  increase  in  MC.  Measurement  deviations  are  discussed  in 
paragraph  110  of  Part  III. 
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22.  Selection  of  sites  foi‘  further  analysis.  Before  conductinp 
analyses  relating  equations  or  expressions  of  equations  to  soil  properties 
it  was  considered  necessary  to  select  sites  with  reliable  CI-MC  relations. 
For  this  purpose,  the  level  of  significance  v;as  considered  to  oe  the  most 
meaningful  criterion  that  could  be  used.  All  relations  not  significant  at 
the  3%  level  (an  arbitrary  but  often  used  limit)  were  rejected  from  further 
consideration.  Although  an  acceptable  minimum  CT  range  was  not  set,  the 
range  of  data  for  each  site  was  also  checlced.  All  of  the  72  sites  ha^ang 
significant  relations  were  accepted;  none  v/ere  rejected  because  of  what 
was  considered  to  be  an  inadequate  range  of  Cl. 

CI-MC  coefficients 

23.  The  derived  CI-MC  relations  plotted  as  sti'aight  lines  on  loga¬ 
rithmic  graph  paper.  A  straight  line  may  be  completely  defined  by  the  co¬ 
ordinates  of  two  points  on  the  line,  or  by  the  coordinates  of  one  point  on 
the  line  and  the  slope  of  the  line.  Likewise,  an  accurate  estimate  of  any 
two  of  the  above-noted  quantities  provides  an  accurate  estimate  of  the 
line . 

24.  Selection  of  CI-MC  coefficients.  An  attempt  was  first  made  to 
relate  slope  and  intercept  values  (b  and  a  values,  respectively,  as 
shown  in  table  l)  to  soil  properties.  Significant  multiple-factor  rela¬ 
tions  were  found  with  several  groups  of  soil,  properties,  but  subsequent  Cl 
predictions  based  on  these  relations  were  not  good.  Two  possible  explana¬ 
tions  for  the  poor  results  are  as  follows: 

a.  The  intercept  is  the  log  of  Cl  at  1^  MC.  For  each  site  the 
derived  value  represented  a  point  below  the  natural  range  of 
soil  MC  and  generally  far  above  the  measurable  range  of  Cl 
(i.e.,  far  above  300  for  the  0.5-sq-in.  cone  penetrometer; 
see  Appendix  B) . 

b.  These  coefficients  were  found  to  be  very  sensitive  in  terms 
of  CT.  For  exan^le,  an  3,pparently  minor  error  in  slope 
eotimation  for  a  line  originating  at  the  derived  intercept 
often  resulted  in  large  deviations  throughout  the  range  of 
measured  data. 

25.  As  indicated  in  paragraph  23,  values  of  Cl  at  two  given  levels 
of  MC  or  values  of  MC  at  two  given  levels  of  Cl  could  be  used  to  define  a 
CI-MC  relation.  A  cursory  examination  of  the  data  indicated,  however,  that 
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no  one  level  of  soil  moisture  content  occurred  naturally  at  all  sites.  Ah 
any  level,  gross  extrapolations  had  to  be  made  for  many  sites.  Graphs  of 
Cl  at  a  given  moist'ure  level  versus  each  of  several  soil  properties  were 
compiled,  but  these  graphs  did  not  show  any  relations.  The  use  of  CT  at 
given  moisture  levels  was  not  considered  further. 

2.C.  The  use  of  soil  MC’s  at  given  levels  of  Cl  appeared  more  prom¬ 
ising.  The  ranges  of  Cl  measurements  for  practically  all  sites  were  found 
to  overlap  considerably;  this  meant  that  Cl  levels  could  be  selected  that 
were  within  the  natural  strength  range  of  aLnost  all  sites.  Furthermore, 
plotted  CI-MC  relations  generally  shifted  to  higher  MC's  as  soil  moisture- 
holding  capacity  increased.  For  example,  the  highest  measured  MC's  for  the 
four  sites  shown  in  plate  1  are  approximately  19^ii,  26^,  36^?  and  MC's 

at  the  15O-CI  level  increase  in  the  same  order,  i.e.,  approximately  15^0, 

26^(',  32fj,  and  39^*  Many  studies  have  been  made  relating  soil  moisture- 
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holding  characteristics  to  soil  properties;  ’  this  suggested  that  the 
position  of  the  CI-MC  relations  v;ith  respect  to  the  MC  ordinate  should 
also  be  re.lated  to  soil  properties. 

27*  MC's  at  200  Cl  and  300  Cl  were  selected  as  CI-MC  coefficients 
for  use  in  further  analyses;  these  values,  computed  from  specific  CI-MC 
relations,  are  shown  in  table  1.  As  noted  in  paragraph  13,  200+  Cl  values 
were  not  included  in  the  derivation  of  CI-MC  relation.s;  hov7ever,  most  sites 
had  measurements  close  to  300.  It  would  have  been  desirable  to  use  MC's 
at  a  Cl  level  lower  than  200,  i.e.,  in  a  range  more  critical  with  respect 
to  trafficability;  this  was  not  done  because  the  data  would  have  had  to  be 
extrapolated  for  many  sites. 

28.  Sensitivity  of  CI-MC  coefficients.  The  CI-MC  coefficients  se¬ 
lected  V7ere  in  units  of  percent  MC.  As  it  V7as  desirable  to  evaluate  the 
accuracy  of  CI-MC  coefficient  estimations  in  terms  of  Cl,  average  effects 
of  MC  on  Cl  were  determined. 

29.  The  average  changes  in  MC  V7ere  computed  for  eight  changes  in  Cl 
(plus  and  minus  10,  20,  30?  and  kO  units)  at  four  levels  of  Cl  (lOO,  15O, 
200,  and  250),  and  for  four  changes  in  Cl  (minus  10,  20,  30,  and  UO  units) 
at  the  3OO-CI  level.  Computations  were  made  using  the  72  specific  rela¬ 
tions  noted  in  paragraph  22.  No  gross  extrapolations  V7ere  made;  hence. 
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average  changes  of  MC  were  not  made  for  positive  changes  in  Cl  at  the 
3OO-CI  level.  Also  the  number  of  specific  relations  used  decreased  as  Cl 
decreased;  ccniputations  were  based  on  only  seven  of  the  specific  relations 
at  70  Cl  (100-CI  level  with  a  -30  Cl  change). 

30.  Results  of  the  analysis  are  shown  graphically  in  plate  2.  The 
average  MC  change  for  a  given  Cl  change  increases  as  the  Cl  level  de¬ 
creases.  To  achieve  an  average  Cl  accuracy  of  +20  units,  the  graph  indi¬ 
cates  that  MC  must  be  determined  with  an  average  accuracy  of  apprcxi-mately 


i.e. 


1.3  +  1.1 


,  at  the  2C0-CI  level.  Likevfise,  if  the  standard  de¬ 


viation  of  estimated  MC  at  200  Cl  is  2.0^'  then  the  standard  deviation  of 

31  +  39 

estimated  Cl  at  the  200-CI  level  should  be  approximft  'ly  35 >  i.e.  - g -  • 

CI-MC  coefficient- 
soil  property  relations 

31.  Logarithmic  values  of  the  CX-MC  coefficients  vjere  used  in  de¬ 
riving  relations .  The  transformation  from  arithmetic  to  logarithmic  values 
was  primarily  made  for  two  reasons. 

a.  It  simplified  the  approach  whereby  equations  for  estimating 
the  CI-MC  coefficients  could  be  combined  and  reduced  for  the 
prediction  of  Cl. 

b.  It  eliminated  the  possibility  of  estimating  negative  values 
of  CI-MC  coefficients. 

32.  Three  ways  of  relating  CI-MC  coefficients  to  soil  differences 
were  explored:  (a)  by  soil  classes,  separated  on  the  basis  of  soil  prop¬ 
erty  criteria,  (b)  by  individual  soil  properties,  and  (c)  by  grouped  soil 
properties . 

33.  Soil  classes.  The  effectiveness  of  soil  classes  for  estimating 
CI-MC  coefficients  was  determined  for  the  USDA  soil  textural  classifica¬ 
tion  system  and  the  USCS.  Logarithmic  values  of  eacn  of  the  CI-MC  coeffi¬ 
cients  were  compiled  by  classes  and  the  mean  values  computed.  Pooled 
standard  deviations  (s^)  for  the  systems  were  then  determined  assuming  that 
class  variances  were  equal.  Classes  represented  by  only  one  site  (zero 

degree  of  freedom)  could  not  be  included  in  s  determinations. 

P 

34.  Average  values  of  the  CI-MC  coefficients  by  USDA  textural 
classes  are  shown  below.  Classes  are  arranged  in  an  increasing  order  of 
grain  size.  The  CL,  SCL,  LS,  SC,  and  Si  classes  were  not  represented  or 
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were  represented  by  only  one  site  and,  thererore,  are  lot  shown. 


USDA 

No. 

Mean  In  MC 

at 

Soil  Class 

Sites 

200  Cl 

300  Cl 

C 

6 

3.352 

3.198 

Sic 

2 

3.451 

3.290 

SiCL 

8 

3.160 

2.941 

SiL 

37 

3.162 

2.956 

L 

10 

2.922 

2.567 

SL 

4 

2.333 

1.980 

S 

2 

2.173 

1.330 

All  classes 

69 

3.075 

2.825 

Relatively  few  sites  were  included  in  most  of  the  classes.  Nevertheless, 
the  data  indicate  that  values  of  the  CI-MC  coefficients  tend  to  decrease 
with  increasing  grain  size.  Pooled  standard  deviations  from  class  means 
of  In  MC  at  200  Cl  and  In  MC  at  300  CT  were  0.205  and  0.265,  respectively; 
comparable  arithmetic  values  at  the  mean  logarithmic  values  of  the  CI-MC 
coefx'icients  are  both  4.5^  MC.  As  indicated  by  the  graph  in  plate  2,  these 
deviations  are  large  in  terms  of  Cl. 

35 •  Average  values  of  the  CI-MC  coefficients  by  USCS  classes  are 
shown  below.  Classes  are  arranged  in  a  decreasing  order  of  plasticity. 

The  SC-SM,  SC,  MH,  OL,  and  OH  classes  were  not  represented  or  were  repre- 


sented  by  only  one  site 

and,  therefore, 

are  not  shown. 

USCS 

No. 

Mean  In 

MC  at 

Soil  Class 

Sites 

200  Cl 

500  Cl 

CH 

13 

3.306 

3.118 

CL 

30 

3.07i^ 

2.880 

{4L 

18 

3.076 

2.765 

CL-I4L 

6 

3.101 

2.831 

SM 

4 

2.275 

1.560 

All  classes 

71 

3.074 

2.816 

The  data  indicate  a  tendency  for  values  of  the  CI-MC  coefficients  to  de¬ 
crease  with  decreasing  plasticity,  'rhere  is  no  indication,  however,  that 
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criteria  used  Lo  differentiate  the  CL,  ML,  and  CL-ML  classes  are  meaning¬ 
ful  with  respect  to  the  coefficients.  Pooled  standard  deviations  from 
class  means  of  3.n  MC  at  200  Cl  and  In  MC  at  300  Cl  were  0.259  and  0.337} 
respectively;  compai’able  arithmetic  values  were  5*7^  MC  and  5*6^  MC,  re¬ 
spectively.  These  deviations  are  larger  than  those  of  the  USDA  system  and 
are  large  in  terms  of  Cl  (plate  2) . 

36.  Individual  soil  properties.  Commonly  measured  soil  properties 
were  studied  to  determine  if  they  we"e  related  to  the  CI-MC  coefficients . 
Properties  considered  were  USDA  sand,  silt,  and  clay  contents;  USCS  fines 
content;  Atterberg  liquid  limit,  plastic  limit,  and  plasticity  index;  or¬ 
ganic  matter  content;  and  dry  density.  Regression  analysis  techniques  were 
used  to  establish  relations.  To  improve  relations,  In  or  In- In  values  of 
some  propertie.a  were  used.  Significant  relations  {J’jo  level)  and  corre¬ 
sponding  correlation  coefficients  and  standard  deviations  from  the  regres¬ 
sion  are  tabulated  below;  basic  data  and  regression  lines  significant 
the  5'^  level  are  shown  graphically  in  plates  3“7.  Differences  in  the  num¬ 
ber  of  observations  were  due  to  the  fact  that  measurements  of  some  proper¬ 
ties  were  not  or  could  not  be  made  for  some  sites  (see  table  A2). 
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37-  Relations  of  the  CI-MC  coefficients  with  organic  matter  content 
and  dry  density  v/ers  not  significant  at  the  %  le\'el.  The  limited  range  of 
organic  .natter  content  values  (0.2-5. 5^)  may  have  been  a  major  contributing 
factor  in  the  nonsignificance  of  relations  with  this  property.  Dry  density 
values  vjei’e  distributed  over  a  somewhat  normal  range.  Thus,  the  results 
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liluioateu  that  little  of  the  variation  in  the  CI-MC  coefficients  was  associ¬ 
ated  with  this  soil  property.  Ihis  may  be  partially  due  to  the  fact  that 
MC  was  expressed  in  terms  of  percent  dry  wei^t  of  soil;  therefore,  at  a 
given  MC  the  same  amoxmt  of  lubricant  (water)  existed  per  unit  mass  of  soil 
regardless  of  dry  density. 

38.  Seven  of  the  nine  pairs  of  relations  were  significant  at  the  1^ 
level;  six  had  positive  regression  coefficients  (slopes),  and  one,  the  pair 
of  relations  with  sand  content,  had  negative' coefficients .  The  signs  of 
the  regression  coefficients  indicate  that  at  a  given  Cl  level,  increases 
of  MC  are  associated  with  increases  in  plasticity  and  decreases  in  grain 
size.  As  shown  in  plate  3}  for  example,  at  the  200-CI  level  the  average 
MC's  are  approximately  95^  and  26fo  for  soils  with  sand  contents  of  SOfo  and 
10^,  respectively.  Conversely,  the  results  indicated  -t-hat  at  a  given  MC, 
increases  of  Cl  are  associated  with  increases  in  plasticity  and  decreases 
in  grain  size.  For  example,  at  an  MC  of  20^,  Cl  increases  from  200  to  300 
as  sand  content  decreases  from  SOfo  to  Ijfo  (plate  3)?  and  clay  content  in¬ 
creases  from  13^  to  2bfo  (plate  4) . 

39*  Results  for  some  soil  properties  indicated  that,  arithmetically, 
the  slopes  of  the  CI-MC  relations  between  the  200-  and  300-CI  levels  are 
independent  of  differences  in  the  soil  property.  This  is  demonstrated  by 
the  fact  that  relations  of  the  CI-MC  coefficients  with  sand  content,  as 
shown  in  plate  3>  are  approximately  parallel.  The  relations  between  MC  at 
200  Cl  and  MC  at  300  Cl  vfere  derived  using  reduced  major  axis  analysis 
techniques;  results  of  the  analysis  are  shovm  graphically  in  plate  8.  The 
slope  of  the  relation  was  close  to  one  on  one,  thus  indicating  that  arith¬ 
metic  slopes  of  CI-MC  relations  between  the  200-  and  3OO-CI  levels  tend  to 
be  consistent  regardless  of  the  soil  moist’ore  regimes  within  which  these 
Cl  levels  exist. 

40.  Relations  between  the  CI-MC  coefficients  and  silt  content  were 
statistically  significant;  there  is,  nevertheless,  some  question  as  to 
their  validity.  Plots  of  relations  clearly  show  that  the  values  of  the 
CI-MC  coefficients  tend  to  increase  with  a  decrease  in  sand  content 
(plate  3)  or  an  increase  in  clay  content  (plate  4).  It  was  expected, 
therefore,  that  as  silt  content  decreased  the  sand  and/or  clay  content 


would  increase  and  valaes  of  the  Cl-MC  coefficients  would  become  more 
widely  scattered.  In  general  this  was  the  case;  however,  of  the  four  sites 
(sites  85,  9O)  91>  and  9'0  that  had  silt  contents  less  than  ,  all  had 
low  clay  contents  (llfu,  2(/o,  1%,  and  3^^,  respectively)  and,  as  could  be  ex¬ 
pected,  all  had  lov;  CI-MC  coefficient  values.  Assuming  a  more  or  loss 
equal  probability  of  low- silt-content  soils  having  either  high  sand  con¬ 
tents  or  high  clay  contents,  it  follows  that  the  inclusion  of  these  four 
sites  was  by  chance  and  that  the  CI-KiC  coefficient-silt  content  relations 
are  spurious.  A  related  discussion  is  given  in  paragraph  70. 

41.  Considering  both  CI-MC  coefficients,  relations  with  sand  con¬ 
tent  were  better  than  with  any  other  individual  property  tested.  Standard 
deviations  from  the  regression  for  In  MC  at  200  Cl  and  In  MC  at  3OO  Cl  were 
0.211  and  0,248,  respectively.  Estimations  of  the  CI-MC  coefficients  using 
relations  with  sand  content  and  using  mean  values  of  CI-MC  coefficients  for 
soil  classes  of  the  USDA  textural  soil  classification  system  (paragraph  34) 
were  about  the  same.  Estimations  of  the  CI-MC  coefficients  were  better 
using  relations  v/ith  fines  content,  liquid  limit,  pla.stic  limit,  or  plas¬ 
ticity  index  than  by  using  means  of  CI-MC  coefficients  for  USCo  soil 
classes  (pai-agraph  35)  even  though  these  soil  properties  are  used  in  dif¬ 
ferentiating  uses  classes. 

42.  Grouped  soil  properties.  Using  the  VJE3  electronic  computer,’* 
multiple  regression  analyses  were  made  to  establish  relations  between  the 
CI-MC  coefficients  and  groups  of  soil  piopcrties.  The  same  soil  properties 
and  transformations  considered  in  the  individual  soil  property  analysis 
(see  paragraph  36)  were  tested. 

43.  The  various  combinations  of  soil  properties  tested  are  set  forth 
briefly  in  the  following  subparagraphs. 

a.  All  of  the  nine  soil  properties  were  made  available  for  ad¬ 
dition  to  the  fit  (inclusion  in  the  equation). 

b.  USDA  sand,  silt,  and  clay  contents  were  force  fitted. 

c.  USDA  sand,  silt,  and  clay  contents  were  force  fitted; 


’*  General  Eiectric-225  electronic  ccmiputer.  The  program  used  is  entitled 
"GE-20C  Series  Mu3,tiple  Linear  Regression  Program  II";  the  urogram  num¬ 
ber  is  CD225D3.001. 
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organic  matter  content  and  dry  density  were  made  available 
for  addition  to  the  fit. 

d.  uses  fines  content,  liquid  limit,  plastic  limit,  and  plas¬ 
ticity  index  were  force  fitted. 

e.  uses  fines  content,  liquid  limit,  plastic  limit,  and  plas¬ 
ticity  index  were  force  fitted;  organic  matter  content  and 
di-y  density  were  made  available  for  addition  to  the  fit. 

Liquid  limit,  plastic  limit,  and  plasticity  index  were  force 
fitted. 

g.  Liquid  limit,  plastic  limit,  and  plasticity  index  v/ere  force 
fitted;  organic  matter  content  and  dry  density  were  made 
available  for  addition  to  the  fit. 

Available  soil  properties  were  added  to  the  fit  in  the  order  in  which  they 
contributed  in  reducing  the  residual  sum  of  squares  (i.e.,  in  reducing  the 
previoufily  remaining  unexplained  error) .  For  an  availabla  property  to  be 
accepted  in  the  fit,  however,  it  had  to  make  a  significant  {5%  level)  con¬ 
tribution  in  reducing  error  in  MC  at  200  Cl.  If  a  property  was  added  to 
an  equation  for  estimating  MC  at  200  Cl  it  was  automatically  force  fitted 
into  the  equation  for  estimating  MC  at  300  Cl.  Results  of  the  multiple 
regression  analyses  are  summarized  in  the  follov/ing  tabulation. 


] 


a 


44.  Tlie  partial  regression  coefficient  expressed  the  magnitude  and 
direction  of  change  of  the  estimated  dependent  variable  vdth  a  unit  change 
in  the  independent  variable.  Relations  derived  by  regression  analyses  are 
not  necessarily  "cause  and  effect"  in  nature.  Consequently,  the  apparent 
effect  of  a  given  independent  variable  often  changes  markedly  if  grouped 
vfith  different  combinations  of  other  independent  variables;  this  phenomenon 
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is  clearly  demonstrated  in  the  tab\xlation  on  the  previoiis  page  by  liquid 
limit.  Hovfever,  partial  regression  coefficients  of  both  p?i.astic  limit  and 
organic  matter  content  were  consistent  in  terms  of  sign  and  magnitude  re¬ 
gardless  of  the  grouping.  These  consistencies  may  indicate  a  natural  asso¬ 
ciation  betv/een  these  properties  and  the  CI-MG  coefficients. 

45.  The  tabulation  on  the  preceding  page  shovrs  that  the  best  three 
pairs  of  relations,  as  indicated  by  the  standard  deviations  from  regression, 
include  properties  associated  with  both  grain  size  and  plasticity;  the 
poorest  three  relations  included  in  the  tabulation  lacked  one  or  the  other 
types  of  these  soil  descriptors.  This  suggests  that  if  reliable  estimates 
of  the  Cl-yjC  coefficients  and  therefore  Cl  are  to  be  made,  both  grain  size 
and  plasticity,  or  indicators  thereof,  may  have  to  be  considered. 

46.  Shown  below  is  a  resume  of  accuracies  of  the  CI-MC  coefficient 
estimations  for  the  two  soil  classification  systems  and  for  some  of  the 
soil  properties,  individually  and  in  groups.  Included  are  standard  devia¬ 
tions  of  In  MC  at  200  Cl  and  In  MC  at  300  Cl  and  comparable  arithmetic  val¬ 
ues,  in  percent  MC. 

_ Standard  Deviation 


MC  at  200  Cl  MC  at  300  Cl 


Classification  System 
or  Soil  Property(ies) 

In 

Arithmetic 

Equivalent 

In 

Arithmetic 

Equivalent 

USDA  System 

0.205 

4.5 

0.265 

4.5 

uses 

0.259 

5.7 

0.337 

5.6 

Sand 

0.211 

4 .6 

0.248 

4.2 

Sand,  PL,  and  organic 
matter 

0.153 

3.5 

0.201 

3.7 

Sand,  silt,  and  clay 

0.209 

4.5 

0.245 

4.1 

Fines,  LL,  PL,  and  PI 

0.161 

3.7 

0.219 

4.0 

47.  On  the  basis  of  standard  deviations  the  best  estimates  of  the 
CI-MC  coefficients  were  obtained  with  the  pair  of  multiple-factor  relations 
that  included  sand  content,  plastic  limit,  and  organic  matter.  Standard 
deviations  associated  vfith  relations  incorporating  the  soil  properties  used 
in  the  USDA  soil  textural  classification  system  (i.e.  sand,  silt,  and  clay) 
were  approximately  the  sam.e  as  those  for  the  system  itself.  This  indicates 
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that  the  use  of  redefined  soil  textural  .Masses  would  not  greatly  improve 
the  accuracies  of  CT-MC  coefficient  estiirations  and,  therefore.  Cl.  Stand¬ 
ard  devistions  associated  with  the  propei  cies  used  in  differentiating  L'SCS 
classes  (i.e.  fines,  LL,  PL,  and  Pi)  are  appreciably  smaller  than  those  for 
the  system  itself.  This  indicates  that  a  better  classification  system  for 
estimating  the  CI-MC  coefficients  could  be  devised  based  on  the  sajne  de¬ 
fining  soil  properties. 

Cl-soil  property  relations 

U8.  Cl-soil  property  relations  can  easily  be  computed  from  the  CI-MC. 
coefficient  relations  previously  described.  For  the  general  case,  the 
equation  defining  a  straight  line  is  as  follows: 

Y  =  a  +  bX 

Slope  (b)  and  intercept  (a)  values  can  be  determined  in  the  following 
manner: 


By  substituting  these  expressions  of  slope  and  intercept,  the  general  case 
equation  can  be  rewritten: 


This  equation  can  then  be  reduced  to  the  following  form: 


Y  = 


V 

^1 


-  X)  =  Yj 


(Y^  -  Y2)(Xj^  -  X) 

h  ■  \ 
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To  put  the  equation  above  into  the  logarithmic  form  (see  paragraph  15)  and 
terms  of  Cl,  MC,  and  CI-MC  coefficients,  the  following  substitutions  are 
made: 

y  =  In  Cl 

=  In  200  Cl  =  5.29832 
Yg  =  In  300  Cl  =  5.70378 
X  =  In  MC 

=  In  MC  at  200  Cl 
Xg  =  In  MC  at  300  Cl 
Therefore 

PT  -  PQft  +  0.^03  (In  MC  at  200  Cl  -  In  MC) 

200  Cl  -  In  MC  at  300  Cl 

Furthermore,  by  substituting  CI-MC  coefficient-soil  property  relations 
(paragraphs  3^-36  and  1+3)5  01  can  be  expressed  solely  in  terms  of  soil 
properties  and  MC. 

1+9.  An  analysis  was  made  of  changes  in  Cl  associated  with  changes  in 
valvies  of  some  of  the  soil  properties.  At  three  levels  of  MC  (20^,  30fo, 
and  40^) ,  Cl  values  were  computed  for  different  combinations  of  values  of 
soil  properties  included  in  each  of  two  groups:  (a)  USDA  sand,  silt,  and 
clay  contents  and  (b)  Atterberg  liquid  limit,  plastic  limit,  and  plasticity 
index.  Values  were  selected  v/ithin  the  approximate  ranges  of  measured  data 
included  in  th'.s  study.  Computed  Cl  values  were  plotted  on  textural  tri- 
aingles  and  plasticity  charts.  Isolines  of  Cl  were  then  drawn;  these  are 
shown  in  plates  9  and  10. 

50.  The  data  in  plate  9  indicate  that  there  are  strong  interacting 
effects  on  Cl  between  MC  and  sand,  silt,  and  clay  contents.  At  the  20^  MC 
level.  Cl  changes  are  associated  almost  entirely  with  changes  in  sand  con¬ 
tent  from  0  to  about  60io  ( indicated  by  the  fact  that  Isolines  of  the  two 
variables  without  this  range  are  abovit  parallel) ,  Cl  increasing  with  a  de¬ 
crease  in  sand  content.  At  the  40^  MC  level.  Cl  changes  appear  to  be 
associated  almost  entirely  with  changes  in  clay  content.  Cl  increasing  with 
either  an  increase  or  decrease  in  clay  content  from  approximately  the  30^ 
clay  content  level.  At  the  3<^  MC  level.  Cl  changes  appear  to  be 
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as$oniated  with  changes  in  both  sand  and  clay  contents.  Silt  content  ap¬ 
parently  has  little  effect  on  Cl,  at  least  for  the  MU  levels  tested. 

51 .  Wie  data  in  plate  9  also  indicate  chat  the  weakest  soils  alvfays 
have  significant  amounts  of  all  three  soil  separates  and  that  the  amount  of 
each  soil  separate  varies  with  MC.  Sand,  silt,  and  clay  contents  corre- 
spondiiig  bo  the  lowest  Cl  at  each  MC  level  studied  are  summarized  below. 


Lowest 

‘/o  Contents  of 

MC,  i 

Cl 

Sand 

Silt 

Clay 

20 

132 

77 

17 

6 

30 

94 

56 

29 

15 

40 

64 

23 

47 

30 

The  graphs  shov;  that  for  any  given  combination  of  sand,  silt,  and  clay  con¬ 
tents,  Cl  decreases  with  an  increase  in  MC. 

52.  Data  shown  in  plate  10  indicate  that  there  are  also  interacting 
effects  on  Cl  between  MC  and  the  Atterberg  limits.  At  the  40^  MC  level.  Cl 
changes  are  associated  almost  entirely  with  changes  in  plastic  limit.  Cl 
increasing  with  an  increase  in  plastic  limit.  At  the  20fo  MC,  level.  Cl 
changes  a.re  associated  primarily  with  changes  in  plastic  limiL  and  second¬ 
arily  with  changes  in  liquid  limit.  Cl  increasing  with  an  increase  in  both 
limits.  For  any  given  combination  of  the  Atterberg  limits  tested.  Cl  de¬ 
creases  with  an  increase  in  MC. 

Rating  Cone  Index  (RCl) 

53.  As  in  the  case  of  Cl,  previous  investigations  have  shoTO  that 
for  a  given  soil  changes  in  RCI  are  associated  with  changes  in  MC,  RCI  in¬ 
creasing  as  MC  decreases,  but  that  for  unlike  soils  RCI-MC  relations  are 

It  2357 

generally  not  the  same.  ’  jhe  same  t;ypes  of  analyses  used  in 

establishing  Cl  relations  were  used  to  establish  RCI  relations.  Analytical 
procedures  for  Cl  were  explained  previously  in  detail;  thus  only  abbrevi¬ 
ated  explanations  of  the  procedures  used  in  analyzing  RCI  are  contained  in 
this  part  of  the  report. 
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RCI-MC  relations 


5^.  As  noted  in  paragraph  13,  all  3OO+  Cl  values  were  excluded  in 
the  derivation  of  relations  because  they  were  known  to  be  quantitatively 
erroneous  in  practically  all  cases.  Since  RCI  is  the  product  of  Cl  and  RI, 
it  follows  that  RCI  values  corresponding  to  3OO+  Cl  values  are,  in  practi¬ 
cally  all  cases,  larger  than  indicated.  They  v/ere,  therefore,  excluded  in 
all  derivations  of  RCI-MC  relations. 

55.  A  summary  of  data  that  remained  for  analysis  is  tabulated  below: 


No.  of  RCI-MC 

No.  of 

No.  of  RCI-MC 

No.  of 

Observations 

Sites 

Observations 

Sites 

0-2 

27 

20-29 

k 

3-9 

38 

30-39 

2 

10-19 

22 

irO+ 

2 

At  many  sites  RI  tests  could  not  be  made  at  times  of  lovr  moisture  contents, 
thus  precluding  the  determination  of  RCI.  As  a  result,  the  number  of  PCI 
observations  per  site  was  generally  less  than  the  nximber  of  Cl  observations. 
Of  the  95  sites,  68  had  a  sufficient  number  of  observations  (more  than  2) 
to  statistically  derive  RCI-MC  relations;  of  these,  56^  (38  sites)  had 
fevrer  than  10  observations. 

56.  Selection  of  equation  form.  The  logarithmic  equation  v?as  se¬ 
lected  for  use  in  relating  RCI  and  MC,  i.e. 

In  RCI  =  a  +  b(  In  MC) 

Tn is  was  done  primarily  because  the  trend  between  Cl  and  MC  in  laboratory 
studies  was  kno^'m  to  be  approximately  logarithmic  in  form.  Although  the 
remolding  test  (Appendix  b)  does  not  completely  duplicate  the  laboratory 
processing  of  soils,  v;hich  includes  the  removal  of  roots  and  stones  and 
thorough  mixing,  the  two  processes  are  similar  in  that  both  involve  the 
breaking  down  of  natural  soil  structural  units. 

57 .  Derivation  of  relations.  Based  on  the  experience  gained  in 
vrorking  with  Cl  (paragraphs  19  and  20),  RCI-MC  relations  vrere  derived  using 
reduced  major  axis  analysis  techniques.  Numbers  of  observations. 
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correlation  coefficients,  levels  of  significarxce  (I'ji  and  5‘j^) ,  and  equations 
for  relations  significant  at  the  yjo  level  are  shown  in  table  2.  For  the  68 
sites  with  three  or  more  observations,  37  (5^^)  of  the  relations  were  sig¬ 
nificant  at  the  5^  level,  and  21  (31^)  were  significant  at  the  I'J^  level. 

For  all  relations  significant  at  the  5^  level,  RCI  decreased  with  an  in¬ 
crease  in  MC.  Measurement  deviations  are  discussed  in  paragraph  12^  of 
Part  III. 

58.  Selection  of  sites  for  further  analysis.  Relations  between  RCI 
and  MC  to  be  used  in  further  analyses  were  selected  on  the  basis  of  the 
level  of  significance,  number  of  observations,  and  range  of  RCI  values. 
Relations  not  significant  at  the  5io  level,  based  on  less  than  five  observa¬ 
tions,  or  based  on  a  narrow  range  of  RCI  values  were  rejected.  Using 
these  criteria  the  relations  for  33  sites  were  selected  for  further  use. 
RCI-MC  coefficients 

59 •  Selection  of  RCI-MC  coefficients.  MC’s  at  given  levels  of  RCI 
were  considered  for  use  as  RCI-MC  coefficients.  As  in  the  case  of  Cl,  the 
range  of  RCI  measurements  for  practically  all  sites  overlapped.  Also, 
plotted  RCI-MC  relations,  in  general,  shifted  to  higher  MC's  as  the 
moisture-holding  capacity  of  the  soil  increased.  As  sho™  in  plate  11,  the 
highest  measured  MC's  are  appi^oxiraately  19^,  27fs,  and  h%  for  the  four 

sites  shown;  MC's  at  the  100-RCI  level  increase  in  the  same  order,  i.e.  ap¬ 
proximately  19/0,  .55‘i^o,  32/0,  and  46fo. 

60.  MC's  at  the  100  aiid  200  levels  of  RCI  (MC  at  100  RCI  and  MC  at 
200  RCl)  were  selected  as  RCI-MC  coefficients  because  an  appreciable  amoujit 
of  measured  data  between  these  levels  was  available.  Values  of  the  coeffi¬ 
cients,  shown  in  table  2,  were  computed  from  specific  RCI-MC  relations. 

61.  Sensitivity  of  RCI-MC  coefficients.  Average  effi-cts  of  moisture 
content  on  RCI  were  determined  using  the  33  specific  relations  noted  in 
paragraph  58.  Average  changes  in  MC  were  computed  for  ei^t  changes  in  RCI 
(plus  and  minus  10,  20,  30,  and  Uo  units)  at  four  levels  of  RCI  (lOO,  150, 
200,  and  250 ) ,  and  for  four  chaug'^s  in  RCI  (minus  10,  20,  30j  and  ko  units). 
The  mjmber  of  specific  relations  decreased  as  RCI  decreased;  computations 
were  bas°d  on  only  20  of  the  specific  relations  at  60  RCI  ( 100-RCI  level 
with  a  -40  RCI  change).  Results  are  shown  graphically  in  plate  12. 
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62.  The  data  in  plate  12  indicate  thac  the  average  MO  change  for  a 
given  RCI  change  increases  as  tnc  RCI  level  decreases .  For  an  average  RCI 
accuracy  of  +20  units,  MC  at  tne  200-  and  100-RCI  levels  laust  be  determined 
with  an  average  accuracy  of  approxiKiately  0.6^,  i,e.  and  1.^^, 

respectively.  If  the  standard  deviation  of  estiiiated  MC  at  100  RCI  is  2.0% 
then  the  standard  deviat  ..on  of  estimated  RCI  at  the  100-RCI  level  should  be 
approximately  29,  i.e.  .  Results  also  indicate  that  RCI  is  more 

sensitive  to  changes  in  MC  than  is  Cl  (see  plate  2),  i.e.,  at  any  given 
strength  level  the  average  change  in  RCI  is  greater  than  that  in  Cl  for  a 
unit  change  in  MC . 


RCI-MC  coefficient- 
soil  property  relations 

63-  Logarithmic  values  of  the  RCI-MC  coefficients  were  used  in  de¬ 
riving  relations;  the  reasons  for  the  transforraations  from  arithmetic  val¬ 
ues  were  the  same  as  those  for  the  CI-MC  coefficients  (paragrapVi  3l)  •  As 
in  the  case  of  Cl,  three  ways  of  relating  RCI-MC  coefficients  to  soil  dif¬ 
ferences  were  explored:  (a)  by  soil  classes,  (b)  by  individual  soil  prop¬ 
erties,  and  (c)  by  groups  of  soil  properties. 

64.  Soil  classes.  The  effectiveness  of  soil  classes  for  estimating 
RCI-MC  coefficients  was  detemined  on  the  basis  of  the  pooled  standard  de¬ 
viation  for  the  USDA  textural  classification  system  and  for  the  USCS.  Av¬ 
erage  values  of  the  RCI-MC  coefficients  for  USDA  textural  classes  are  sho'vm 
in  the  following  tabulation.  The  SiC,  CL,  Si,  SCL,  SC,  SL,  LS,  and  S 
classes  vjere  not  represented  or  were  represented  by  only  one  site,  and, 
therefore,  are  not  included. 


USDA 

Soil  Class 

No. 

Sites 

C 

3 

SiCL 

2 

SiL 

25 

L 

2 

All  classes 

32 

Mean  In  MC  at 


100  RCI 

200  RCI 

3.726 

3.503 

3.978 

3.045 

3.258 

3.103 

3.224 

2.98ii 

3.3O8 

3.130 

13 


/ 


The  t8.bulation  shows  that  insufl’icicnt  data  were  available  to  evaluate  the 
system;  mean  values  for  only  four  classes  were  included  and  of  these  all 
except  SiL  were  based  on  few  observations  (tv?o  or  three).  No  sandy  soils 
were  in^'lnded,  but  this  was  to  be  expected;  in  general,  it  is  difficult  to 
perform  remolding  tests,  i.e.  to  obtain  RCI,  on  these  soils.  For  the  data 
used,  pooled  standard  deviations  from  class  means  of  In  MC  at  100  RCI  and 
In  MC  at  200  RCI  were  0.159  O.19O,  respectively;  comparable  arithmetic 

values  at  the  mean  logarithmic  values  of  the  RCI-MC  coefficients  are  both 
4.4%.  As  indicated  by  the  graph  in  plate  12,  the  deviations  are  extremely 
large  in  terms  of  RCI. 

65.  Average  values  of  the  RCI-MC  coefficients  by  USCS  classes  are 
shovm  below,  classe-  b<'lng  arranged  in  order  of  decreasing  plasticity. 


No. 

Mean 

In  MC  at 

uses  Class 

Sites 

100  RCI 

200  RCI 

CH 

6 

3.620 

3.341 

CL 

l4 

3.226 

3.058 

ML 

8 

3.392 

3.249 

CL-ML 

5 

3.117 

2.949 

All  classes 

33 

3.322 

3.139 

Only  four  classes  v/ere  included;  data  were  not  available  for  the  Mil,  OL,  SM, 
and  SC-SM  soils.  The  data  suggest  a  tendency  for  values  of  the  RCI-MC  co¬ 
efficients  to  decrease  with  decreasing  plasticity.  Pooled  standard  devia¬ 
tions  from  class  means  of  In  MC  at  100  RCI  and  In  MC  at  200  RCI  were  0.l44 
and  0.184,  respectively;  equivalent  arithmetic  values  are  4.0%  and  4.4%  MC, 
respectively.  Results  for  the  two  classification  systems  were  approximately 
the  same. 

66.  Individual  soil  properties.  Regression  analysis  techniques  v^ere 
used  to  establish  relations  between  the  RCI-MC  coefficients  and  soil  prop¬ 
erties;  propei’lies  considered  were  the  same  as  those  considered  for  Cl 
(paragraph  36).  Providing  that  both  I'elations  for  a  given  soil  property 
were  significant  (5%  level),  equations,  correlation  coefficients,  and 
standard  deviations  from  the  regression  are  tabulated  belo-w;  plots  of 
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basic  data  and  regression  lines  significant  at  the  yjo  level  are  shown  in 
plates  13- 17. 


67.  The  relations  between  the  RCI-MC  coefficients  and  fines  content, 
organic  matter  content,  and  dry  density  were  not  significant  at  the  5^ 
level;  for  sand  content,  only  the  relation  with  In  MC  at  200  RCT  was  sig¬ 
nificant.  The  lack  of  relations  for  sand,  fines,  and  organic  matter  con¬ 
tent  was  not  considered  to  be  conclusive  because  the  range  of  values  for 
each  property  was  smell.  A  possible  explanation  of  why  little  of  the  vari¬ 
ation  in  the  RCI-MC  coefficients  was  associated  with  dry  density  is  pre¬ 
sented  in  paragraph  37* 

68.  P'ive  of  the  nine  pairs  of  relations  (clay  and  silt  contents, 
liquid  and  plastic  limits,  and  plasticity  index)  were  significant  at  the  1% 
level.  Relations  with  all  properties  except  silt  content  had  positive 
slopes;  relations  with  silt  content  had  negative  slopes.  Slopes  and  rela¬ 
tive  positions  of  the  relations  indicate  that  at  a  given  MC,  increases  of 
Cl  are  associated  with  increases  in  plasticity  and  decreases  in  grain  size. 
As  shown  in  plate  I6,  for  example,  at  an  MC  of  30^  the  RCI  increases  from 
100  to  200  as  plasticity  index  increases  from  approximately  25  to  49 . 

69.  Plates  13-16  show  that  the  relations  of  silt  and  clay  contents, 
liquid  and  plastic  limits,  and  plasticity  index  to  MC  at  200  RCI  have  flat¬ 
ter  slopes  than  the  relations  to  MC  at  100  RCI.  From  this  and  the  position 
of  the  two  regression  lines  with  re.spect  to  each  other,  it  can  be  concluded 
that  each  of  the  properties  is  related  to  the  arithmetic  slope  of  the 


RCI-MC  relations,  at  least  between  the  100-  and  200-  ROI  levels.  Slopes  of 
RCI-MC  relations  become  flatter  with  iiioreases  in  r  asticity  and  decreases 
in  grain  size.  As  an  example,  for  soils  having  a  .lay  content  of  2QPjo 
(plate  l4) ,  an  increase  in  RCI  from  100  to  200  is  associated  with  an  aver- 
eige  MC  loss  of  approximately  H  (i.e.  MC  minus  2%  MC) ;  for  an  equiva¬ 
lent  strength  gain  for  soils  having  a  clay  content  of  60^,  an  average  MC 
loss  of  approximately  9^  (43^.  MC  minus  34^  MC)  is  indicated.  The  linear 
relation  between  MC  at  100  RCI  and  MC  at  200  RCI,  computed  using  reduced 
major  axis  analysis  techniques,  is  shown  in  plate  l8.  Results  indicate 
that  arithmetic  slopes  of  RCI-MC  relations  betv;een  the  100-  and  200- RCI 
levels  tend  to  become  flatter  with  an  increase  in  the  moisture-holding  ca¬ 
pacity  of  the  soil. 

70.  Slopes  of  the  relations  betv/een  the  RCI-MC  coefficients  and  silt 
content  were,  as  expected,  negative.  As  noted  in  paragraph  64,  it  is  dif¬ 
ficult  to  obtain  RCI  data  on  sandy  soils.  For  low-silt-content  soils,  RCI 
data  are  most  readily  obtained  for  soils  v;ith  low  sand  contents  and  high 
clay  contents.  Values  of  the  RCI-MC  coefficients  would  tend  to  be  rela¬ 
tively  high. 

71.  Considering  both  RCI-MC  coefficients,  relations  with  liquid 
limit  were  better  tnan  with  any  other  individual  soil  property  analyzed. 
Standard  deviations  from  the  regression  for  In  MC  at  100  RCI  and  In  MC  at 
200  RCI  were  0.106  and  0.153.  respectively;  comparable  arithmetic  values  at 
the  mean  logarithmic  value'^  of  the  RCI-MC  coefficients  are  2.9%  MC  and  3*5% 
MC,  respectively.  Estimf.tions  were  better  with  liquid  limit,  plastic  limit, 
or  plasticity  index  than  with  USCS  class  means  (paragraph  65). 

72.  Grouped  soil  pi’operties.  Multiple  regression  analyses  were  made 
to  establish  relations  between  the  RCI-MC  coefficients  and  groups  of  soil 
properties.  Procedures  followed  and  assumptions  made  were  the  same  as 
those  for  the  CI-MC  coefficients  discussed  in  paragraphs  36  and  43.  Re¬ 
sults  are  summarized  in  the  following  tabulation. 

73*  As  shown  in  the  tabulation,  partial  regression  coefficients  of 
liquid  limit  and  plastic  limit  generally  were  consistent  between  groups  of 
soil  properties  in  terms  of  sign  and  magnitude.  This  may  indicate  a  natural 
asscoiation  between  these  properties  and  the  RCI-MC  coefficients. 
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74.  Tlie  'best  relations  included  properties  associated  with  plastic¬ 
ity-  Grain  size  characteristics  may  contribute  little  to  estimation  accu¬ 
racies.  This  is  indicated  by  the  fact  that  relations  with  sand,  silt,  and 
clay  contents  were  by  far  the  poorest  of  those  derived,  and  by  the  fact 
that  the  addition  of  fines  content  to  relations  with  the  .^tterberg  limits 
had  almost  no  effect - 

7?.  Shown  below  is  a  siommary  of  estimation  accuracies  obtained  with 
the  uses,  liquid  limit,  and  groups  of  soil  properties.  Included  are  stand¬ 
ard  deviations  of  the  RCI-MC  coefficients  in  logarithmic  terms  and  equiva¬ 
lent  arithmetic  values. 


_ Standard  Deviation _ 

MC  at  100  Wl  MC  at  200  RCI 


Classification  System 
or  Soil  Property(ies) 

In 

Arithmetic 

Equivalent 

In 

Arithmetic 

Equivalent 

uses 

0.144 

4.0 

0.l3^^ 

4.4 

LL 

0.106 

2.0 

0.153 

3.5 

LL  and  PL 

0.076 

2.1 

0.123 

2.8 

Sand,  silt,  and  clay 

0.146 

4.0 

0.175 

4.0 

Fines,  LL,  PL,  and  PI 

0.075 

2.0 

0.124 

2.3 

LL,  PL,  FI,  and  density 

0.070 

1.9 

0.014 

2.6 

76.  Relations  with  liquid  limit,  plastic  limit,  plasticity  index, 
and  density  were  slightly  better  than  with  any  other  group  of  soil 
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properties  tested,  and  were  markedly  better  than  with  the  USCS  or  the  best 
individual  property  tested  (liquid  limit).  With  respect  to  accuracy  of 
estimations,  relations  incorporating  the  soil  properties  used  to  define 
classes  of  the  USCS  (i.e.  fines  content,  liquid  and  plastic  limits,  and 
plasticity  index)  were  appreciably  better  than  relations  for  the  system  it¬ 
self.  This  indicates  that  a  better  classification  system  could  be  devised 
based  on  the  same  defining  soil  properties. 


RCI-soil  property  relations 


77.  Procedures  for  expressing  Cl  in  terms  of  soil  properties  and  MC 


using  CI-MC  coefficient-soil  property  relations  were  presented  in  paragraph 
48.  In  a  like  manner  RCI-soil  property  relations  can  be  derived. 


where 

Y  =  In  RCI 

=  In  100  RCI  =  4.60517 
Yg  =  In  200  RCI  =  5.29832 
X  In  MC 

=  In  MC  at  100  RCI 
Xg  =  In  MC  at  200  RCI 
Therefore 


in  RCI  -  4  605  +  0.693(ln  MC  at  100  RCI  -  In  MC) 

"  ^  ^  In  MC  at  100  RCI  -  In  MC  at  200  RCI 


An  analysis  of  changes  in  RCI  associated  with  changes  in  values  of  some  of 
the  soil  properties  used  in  this  study  was  made.  At  three  levels  of  MC 
(20^,  and  40^)  RCI  values  were  confuted  for  various  combinations  of 
values  of  soil  properties  included  in  each  of  two  groups:  (a)  USDA  sand, 
silt,  and  clay  contents  and  (b)  Atterberg  liquid  limit,  plastic  limit,  and 
plasticity  index.  Isolines  of  RCI  are  shown  on  textural  triangles  and  plas¬ 
ticity  charts  in  plates  19  and  20,  respectively. 

78.  The  data  in  plates  I9  and  20  show  that  for  any  given  combination 
of  soil  properties  tested  RCI  decreases  with  an  increase  in  MC.  Plate  I9 
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indicates  that  there  are  interacting  effects  on  RCI  between  MC  and  the  LiSDA 
soil  separates.  At  the  30',o  and  Mf!  levels  RCI  changes  are  associated 
almost  entirely  with  changes  in  clay  content,  RCI  increasing  v?ith  an  in¬ 
crease  in  clay  content.  At  the  MC  level,  hovrever,  RCI  increases  are  as¬ 
sociated  with  both  j.ncreases  in  clay  content  and  decreases  in  sand  content. 

79*  The  data  in  plate  20  show  that  RCI  changes  at  high  liquid  limits 
(i.e.  greater  than  approximately  50)  are  associated  primarily  with  changes 
in  plastic  limit,  RCI  increasing  with  an  increase  in  plastic  limit.  Ar,  low 
liquid  limits,  hovrever,  RCI  tends  to  increase  with  increases  in  both  plas¬ 
tic  limit  and  liquid  limit.  The  lowest  RCI  values  at  a  given  MC  are  associ¬ 
ated  with  low  plastic  and  liquid  limit  values. 

Remolding  Index  (RI) 

80.  Analyses  pertaining  to  RI  are  presented  herein.  Procedures  fol¬ 
lowed  were  similar  to  those  used  in  analyses  of  Cl  and  RCI  except  that  a 
method  for  adjusting  RI  for  changes  in  MC  could  not  be  derived  directly 
from  the  basic  data.  Some  general  conclusions  regarding  the  changes  in  RI 
associated  with  changes  in  MC  were  made  indirectly,  hovfever,  by  using  pre¬ 
viously  derived  Cl  and  RCI  relations.  This  was  possible  because  of  the  re¬ 
lation  that  exists  between  the  strength  measures,  i.e.  RCI  =  (Cl)(Rl). 

RI-MC  relations 

81.  For  the  sake  of  consistency,  RI  values  corre.?ponding  to  3OO+  Cl 
value.®  were  excluded  from  RI-MC  relation  derivations  ( see  paragraphs  I3  and 
54) .  Tile  data  that  remained  for  analysis  were  the  same  as  those  listed  in 
paragraph  55.  Of  the  95  sites  68  {12$)  had  a  sufficient  number  of  observa¬ 
tions  (more  than  two)  to  statistically  derive  PJ-MC  relations;  38  (56^  of 
the  68  sites)  had  fewer  than  ten  observations. 

82.  Selection  of  equation  form.  A  logarithmic  equation  form  was  se¬ 

lected  for  use  in  attempting  to  relate  RI  to  MC.  Both  linear  and  curve 
forms  had  been  used  in  previous  studies.  ’  i.'xamination  of  basic 

data  plots  like  those  showm  in  plate  21  did  not  indicate  that  the  relation 
was  other  than  linear.  However,  as  shown  below,  the  use  of  logaritlvnic, 

CI-f4C  and  RCI-MC  equation  forms  resulted  in  the  selection  of  a  logarithmic 
Rl-I'ffi  equation  form. 
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In.  RI  =  In  RCI  -  In  Cl 


In  RCI  =  +  b3^(ln  KC) 

In  Cl  =  a2  +  b2(ln  MC) 


In  RI  =  a^  -  a^  +  (b^ 


b2)(ln  yc) 


in  RI  =  a  +  b  (in  ^iG) 

83-  Derivation  of  relations.  Reduced  major  axis  analysis  techniques 
were  used  in  deriving  RI-MC  relations.  Numbers  of  observations,  correla¬ 
tion  coefficients,  levels  of  significance  (l^  and  5io) ,  and  equations  are 
shown  in  table  3*  For  the  68  sites  with  three  or  more  observations,  only 
l8  (26^)'  of  the  relations  were  significant  at  the  5^  level  and  only  7  (lO^) 
were  significant  at  the  1^  level.  The  relatively  small  percentage  of  sig¬ 
nificant  relations  suggested  that  a  general  method  for  adjusting  RI  for 
changes  in  MC  coaid  not  be  derived  directly  from  the  data. 

RI  coefficient 

84.  Selection  of  an  RI  coefficient.  The  use  of  a  constant  value  of 
RI  for  each  site  was  considered  appropriate  since  a  consistent  method  for 
adjusting  RI  for  changes  in  MC  was  not  apparent.  Statistically  the  best 
estimator  for  a  set  of  univariate  data  is  the  mean.  For  this  reason,  mean 
RI  (RI)  was  selected  as  the  RI  coefficient  for  use  in  further  analysis; 
vax'jes  are  included  in  table  3* 

85.  Selection  of  sites  for  fttrther  analyses.  Before  conducting 
analyses  relating  RI  to  soil  properties  it  v?as  considered  necessary  to 
select  sites  with  reliable  RI  values.  For  this  purpose,  the  stanaard  devi- 
ation  of  the  mean  (s  )  was  considered  to  be  the  most  meaningful  criterion 

V 

that  could  be  used.  This  statistic  is,  in  fact,  a  measure  of  reliability 
of  a  sample  mean,  reliability  being  in  terms  of  closeness  to  the  population 
mean  with  a  63fci  probability.  A  sample  consisting  of  a  minimum  of  tv/o  ob¬ 
servations  is  1  squired  to  compute  a  standard  deviation  of  the  mean.  A  suni- 

mary  of  s_  values  with  tv;o  or  more  RI  observations  is  tabulated  below. 

«y 


No. 

Sites 


No. 

Sites 


0.02 
I  0.03 
(Continued) 
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No. 

No. 

^7  Sites 

^y  Sites 

0.04  12 

0.08  0 

0.05  6 

0.09  6 

0.06  5 

0.10  ? 

0.07  2 

20.11  5 

The  13  sites  with  s—  values  of  0.08  or  greater  v?ere  rejected  from  further 

y 

consideration;  this  choice  was  arbitrary,  although,  as  indicated  by  the 
tabulation  above,  0.08  seems  to  have  separated  sites  of  relatively  low  and 
high  variations  in  RI.  All  sites  with  four  or  less  observations  were  also 
excluded  because  this  criterion  was  used  in  selecting  sites  for  establisli- 
ing  RCI  relations.  The  remaining  52  siies  were  used  for  further  analysis; 
they  are  indicated  by  the  symbol  t  in  table  3. 

RI  ccefficient- 

soil  property  relations 

86.  Logarithmic  values  of  the  RI  coefficients  were  used  in  deriving 
relations  to  eliminate  the  possibility  of  estimating  negative  RI  values. 

As  in  the  case  of  Cl  and  RCI,  three  v;ays  of  relating  the  RI  coefficient  to 
soil  differences  were  explored:  (a)  by  soil  classes,  (b)  by  individual 
soil  properties,  and  (c)  by  groups  of  soil  properties. 

87.  Soil  classes.  The  effectiveness  of  soil  classes  for  estimating 
RI  was  determined  on  the  basis  of  the  pooled  standard  deviations  for  each 
of  the  classification  systems.  Average  values  of  the  RI  coefficient  for 
USDA  soil  textural  classes  are  tabulated  belov?.  The  SCL,  SC,  JjS,  S,  and  Si 
classes  vrere  not  represented  or  were  represented  by  only  one  site  and, 
therefore,  are  not  included. 


USDA  Soil 

No. 

Kean 

USDA  Soil 

No. 

Mean 

Class 

Sites 

In  RI 

Class 

Sites 

In  RI 

C 

6 

-0.024 

SiL 

32 

-0.642 

Sic 

2 

-0.024 

L 

5 

-0.358 

SiCL 

2 

-0,198 

SL 

2 

-0.942 

CL 

2 

-0.134 

All 

classes 

51 

-0.492 

Althouf^i  seven  classes  were 

represc-ted,  the  nvunbers 

of  sit 

;es  per 
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v;ere  lev,'  vith  the  exeeptiyn  of  the  C,  SiL,  and  L  classes.  Classes  are 
arranged  in  approximate  order  of  increasing  grain  size.  The  data  used  in¬ 
dicate  that  RI  tends  to  increase  vfith  a  decrease  in  grain  size.  The  pooled 
standard  deviation  from  class  means  vms  0.321;  the  equiv.lent  arithmetic 
value  at  the  mean  logarithmic  value  of  RI  is  0.20  RI  imit. 

88.  Average  values  of  the  RI  coefficients  by  USCS  classes  are  shovm 
below.  The  OL,  OH,  SC-SM,  MH,  and  SM  classes  were  not  represented  or  were 
represented  by  only  one  site  and  are,  therefore,  not  included. 


USCS  Soil 
Class 

No. 

Sites 

Mean  1 

In  RI  ! 

USCS  Soil 
Class 

No. 

Sites 

Mean 
In  RI 

ai 

10 

-0.051 

CL-MI. 

7 

-1.165 

CL 

21 

-0.367 

All 

ML 

12 

-0.646 

classes 

50 

-0,482 

The  classes  are  arranged  in  order  of  decreasing  plasticity.  Tlie  data  indi¬ 
cate  that  RI  increases  with  increases  in  plasticity.  The  pooled  standard 
deviation  from  class  means  was  0.2l4;  the  equivalent  arithmetic  value  at 
the  mean  logarithmic  value  of  RI  is  0.13  RI  unit. 

89.  Individual  soil  properties.  Regression  analyses  were  used  to 
establish  relations  between  RI  and  soil  properties.  Properties  considered 
were  the  same  as  those  considered  for  CT  and  RCI  (paragraph  38).  Signifi¬ 
cant  relations  {%  level)  and  corresponding  correlation  coefficients  and 
standard  deviations  from  the  regressim  are  tabulated  below;  basic  data  and 
regression  lines  significant  at  the  %  level  are  shown  in  plates  22-24. 
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90"  Relations  between  RI  and  sand  coniient,  fines  content,  plastic 
limit,  organic  matter  content,  and  dry  density  were  not  'significant.  Tao 
range  of  organic  matter  content  values  was  small:  the  lacK  of  a  significant 
relation  was  not,  therefore,  considered  to  be  conclusive.  For  tile  other 
soil  properties,  ranges  of  values  were  reasonably  large;  results  indicate, 
therefore,  that  little  of  the  variation  in  RI  is  associated  wltii  the 
properties . 

91.  Relations  between  RI  and  silt  content,  clay  content,  liquid 
limit,  and  plasticity  index  were  significant  at  the  Yjo  level.  V.'ith  the 
exception  of  silt  content,  regression  coefficients  for  these  soil  prop¬ 
erties  were  all  positive.  The  data,  therefore,  indicate  that  F^I  increases 
with  an  increase  in  plasticity  and  a  decrease  in  grain  size.  As  shown  in 
plate  24,  for  example,  RI  values  of  approximately  0.40  and  1.00  are  asso¬ 
ciated  with  plasticity  index  values  of  4  and  47,  respectively.  The  rela¬ 
tion  of  RI  with  plasticity  index  was  better  than  with  any  other  soil  prop¬ 
erty  tested.  The  standard  deviation  from  the  regression  was  0.227;  the 
equivalent  arithmetic  value  at  the  nean  logarithmic  value  of  RI  is  0.1 4  ri 
unit. 

92.  Grouped  soil  properties.  Multiple  regression  analysis  tech¬ 
niques  were  used  to  derive  relations  between  RI  and  groups  of  soil  proper¬ 
ties.  Procedures  followed  and  assumptions  made  were  the  same  as  those  for 
Cl  (paragraphs  36  and  43).  A  summary  of  the  results  is  shovm  in  the  fol- 
lov/ing  tabulation. 
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93.  Results  show  that  the  best  three  relations  included  S'dl  proper¬ 
ties  associated  with  plasticity  (i.e.  Atterberg  limits).  Relations 
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srties  associated  vlt-h  bott>  c'rain  size  and  T)3.asti  city 


(first  and  fourth  listed)  vfere  comps raole  to  the  relation  l^sel  only  on 
plasticity  properties  (fifth  listed),  however,  the  poorest  re.lation 
(second  listed)  was  based  only  on  grain  size  characteristics. 

94.  Shown  below  is  a  summary  of  RI  estimation  accuracies  obtained 
with  the  uses  and  seme  of  the  individual  and  groups  of  soil  properties. 
Included  are  standard  deviations  of  In  RI  and  equivalent  arithmetic  values 
at  the  mean  logarithmic  value  of  RI. 


Standard  Deviation 


Classification  System 
or  Soil  Property(ies) 

In 

Ari'^hmetic 

Equivalent 

uses 

0.214 

0.13 

PI 

0.227 

0.l4 

Silt,  clay,  and  PI 

0.108 

0.07 

Sand,  silt,  and  clay 

0.131 

0.08 

fines,  LL,  PL,  and  PI 

0.105 

0.06 

95.  The  relations  with  fines  content,  liquid  limit,  plastic  limit, 
and  plasticity  index  (the  last  shown)  were  better  than  those  with  any  other 
group  of  soil  properties  tested.  Estimation  with  this  group  of  soil  prop¬ 
erties  was  considerably  better  than  that  with  the  USC5  or  the  best  individ¬ 
ual  soil  property  tested  (plasticity  index).  With  respect  to  the  accuracy 
of  estimation,  the  relation  based  on  soil  properties  used  in  differentiating 
uses  fine-grained  soils  was  appreciably  better  than  for  the  system  itself. 
This  indicates  that  the  classification  criteria  of  the  system  could  be  im¬ 
proved  with  respect  to  RI. 

Rl-soil  property  relations 

96.  Although  the  effect  of  MC  on  RI  could  not  be  established  di¬ 
rectly  from  the  basic  data  (paragraph  83),  it  was  possible  to  do  so  by 
using  previously  derived  CI-MC  and  RCI-MC  coefficient  relations.  This  in¬ 
direct  approach  is  discussed  in  the  follov/ing  paragraphs . 

97.  As  noted  in  paragraph  82,  RI  can  be  expressed  in  the  following 


manner: 


In  RI  =  In  RCI  -  In  Cl 
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R\r  <;iihc+ i +  11+ i nnf  ths  6G'uS.ticn  f'ci’  Cl  3.rid  RCI  shvjwii  in  ya“'af4rupVis  HO  a.nc  I  !  ^ 
respectively,  RI  can  be  exj-ressed  in  terms  of  Cl-  and  RCI-MC  coefficients, 
i.e. , 


In 


BT  -  o  ^  0.693  (In  MC  at  100  RCI  -  In  MC) 

Ki  -  -u.oy:5  +  200  RCI 


O.Uu5(ln  MC  at  200  Cl  -  In  MC) 

In  MC  at  200  Cl  -  In  MC  at  300  Cl 


By  further  substituting  Ci-MC  and  RCI-MC  coefficient-soil  property  rela 
Tcions,  RI  can  be  expressed  solely  in  terms  of  one  or  more  soil  properties 
and  MC. 

98.  An  analysis  of  changes  in  RI  associated  with  changes  in  values 
of  MC  and  some  soil  properties  was  made.  At  three  MC  levels  (20^,  30fo,  and 
Uo^)  RI  values  were  computed  for  combinations  of  values  of  soil  properties 
included  in  each  of  two  groups;  (a)  UJDA  sand,  silt,  and  clay  contents  and 
(b)  Atterberg  liquid  limit,  plastic  limit,  and  plasticity  index.  These 
data  were  plotted  on  USDA  textural  triangles  and  plasticity  charts  and  iso¬ 
lines  of  RI  were  drawn.  Results  are  show;  in  plates  25  and  26. 

99*  In  deriving  Cl  and  RCI  relations,  data  from  different  sites  v;ere 
used.  The  associated  differences  in  soil  properties  (CI  can  "‘^e  measured 
under  firmer  soil  conditions  than  can  RCI;  therefore  soils  from  which  CI 
daba  are  obtained  are  often  sandier  and/or  drier)  result  in  the  tv;o  sets  of 
relations  not  being  exactly  comparable.  Any  resuJtant  inconsistencies  in 
estimated  CI  and  RCI  values  would,  in  all  probability,  be  magnified  when  a 
ratio  of  the  two  strength  measures  is  taken.  Since  RI  i.s,  in  effect,  a  ra¬ 
tio  (RI  =  RCl/Cl)  caution  should  be  exercised  in  intei’pcetiug  the  data 
shown  in  plates  25  and  26.  In  view  cf  this,  the  discussion  thab  follows  is 
somewhs.t  general. 

100.  The  data  shovm  xU  plate  25  indicate  that  at  a  given  MC  level,  in¬ 
creases  in  RI  are  primarily  r<^sociated  wlbh  increases  in  clay  content  al¬ 
though  at  the  20^  MC  level  sand  content  also  appears  to  be  an  associated 
factor.  Consistent  witn  results  of  past  stu.di+.s,  the  data  also  indicate 
that  low  RI  values  are  associated  with  high  silt  contents  at  higli  moisttu'e 
levels . 
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iOx ,  Oi  in'tci*Gsx  <ii‘e  lug  U£>pLirGiiL  yti'  MC  on  Rx  5  Gsi^xiuciliGd  RT 

for  the  three  levels  of  ^iG  at  several  different  coii.binations  of  sand,  siit, 
and  clay  contents  are  tabulated  belov;. 


Sand 

e/ 

lO 

Silt 

at 

10 

Clay 

d 

/o. 

MC 

1 

Esti- 
iiated  RI 

10 

80 

10 

20 

1.07 

30 

0.20 

4o 

0.0-^ 

10 

70 

20 

20 

1.06 

30 

0.43 

4o 

0.28 

10 

■0 

30 

20 

1.04 

30 

0.7- ■ 

)|0 

0.o2 

10 

50 

i'O 

20 

1.07 

30 

1.00 

40 

0.94 

Sand 

r1 

, ) 

Silt 

■1 

,■> 

Clay 

W 

IsC 

/ 

,0 

Esti¬ 
mated  RT 

30 

7,0 

10 

20 

0.95 

30 

0.3) 

40 

0.22 

30 

50 

20 

20 

1 .  T  9 

30 

0.  ^ 

40 

1.43 

30 

bo 

30 

20 

1  . 

30 

0.91 

4o 

0.--, 

In  all  cases  results  indicate  that  RI  increases  v/ith  a  decrease  in  RC. 

This  is  in  agreement  v/ith  results  of  the  RT-MC  reduced  rnajLi'  axis  analyses 
(see  table  3)-  Of  the  68  sites  for  v/hich  analyses  v/ere  made  53  of  the  cor¬ 
relation  coefficients  v/ere  negative;  of  the  I''  relations  significant  at  trie 
5*^  level  all  but  one  haxl  a  negative  slope. 

102.  Tlio  data  in  plate  26  indicate  that  at  the  20^  MC  level  increases 
In  RI  are  associated  primarily  with  increases  in  plastic  limit.  /\t  nhe 
higlier  MC  levels  studied  and  at  relatively  high  liquid  limits  this  again 
appears  to  be  the  case.  Hov/ever,  at  high  MC  levels  and  at  liquid  limits  vf 
less  than  about  50,  Increases  in  RI  appear  to  become  more  closely  assoc 'ated 
with  increases  in  liquid  limit.  Trie  lov/est  estimated  RI  values  occur  at 
the  lowest  liquid  limits  tested  irrespective  of  MC. 

103.  Estimated  RI  for  the  three  MC  levels  at  several  different  com- 


bi nations 

of  J 

itterberg  li 

Lmit  values  a.r 

e  tabul 

ated 

belov/ 

• 

MC 

Esti¬ 

MC 

vati- 

PL 

LL 

r-T  rf 

i-i  JL. 

mated  RI 

IL 

IX 

H 

mai.( 

yi  RI 

20 

00 

0 

10  20 

0.83 

20 

40 

20 

20 

1 

O''* 

30 

0.32 

30 

0 

4o 

O.lt  1 

40 

0, 

.4^, 

(C'ntimjcd) 
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MC 

Esti¬ 

PL 

PI 

i 

mated  RI 

20 

50 

30 

20 

1.10 

30 

0.90 

4o 

0.78 

20 

60 

4o 

20 

0.97 

30 

1.01 

4o 

1.04 

25 

30 

5 

20 

1.64 

30 

0.40 

4o 

0.15 

25 

ho 

15 

20 

1.90 

30 

0.80 

40 

0.44 

Me 

iisti- 

L  ij 

PI 

Jl 

i.’  atod  RT 

25 

50 

25 

20 

1.78 

30 

1.05 

4o 

0.72 

25 

60 

35 

20 

1.52 

30 

1.12 

4o 

0.91 

25 

70 

k5 

20 

1.22 

30 

1.09 

4c 

1.00 

For  almost  all  combinations  of  Atterberg  limit  values  tested,  R1  increas--.‘s 
v;ith  a  deci-oase  in  MC-  As  noted  in  paragraph  101,  this  is  in  agreement 
with  results  of  the  RI-MC  reduced  major  axis  analyses.  The  data  listed 
above  also  indicate  that  RI-MC  slopes  become  flatter  v/ith  increases  in 
liquid  limit. 
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eral  interest  in  that  they  quantitatively  define  changes  in  soil  strength 
associated  with  changes  of  several  commonly  measured  soil  properties.  Of 
additional  importance,  however,  is  that  the  relations  can  be  used  to  pre¬ 
dict  soil  strength  providing  that  a  MC  value  is  a'^ailable. 

105.  Two  general  methods  for  predicting  either  Cl  or  RCI  are  pre¬ 
sented  herein.  One  method  is  based  on  CI-MC  (or  RCI-MC,  as  the  case  may 
be)  coefficient-soil  property  relations;  in  addition  to  MC,  soil  property 
values  are  required  as  input.  Tne  other  method  is  based  on  the  relation 
that  exists  betv/een  coefficients  (i.e.,  MC  at  200  Cl  versus  MC  at  300  Cl  or 
MC  at  100  RCI  versus  MC  at  200  RCl)  as  noted  in  paragraphs  39  and  69.  In 
addition  to  an  MC  at  which  a  soil  strength  value  is  to  be  predicted,  a  rep¬ 
resentative  CI-MC  (or  RCT-MC)  observation  is  required  as  inp>ut;  however, 
the  method  is  independent  of  soil  property  data.  Predictions  are  evaluated 
on  the  basis  of  those  sites  used  in  the  derivation  of  relations. 


Cone  Index 


Predictions  based 
on  soil  prcperty  data 

1C6.  As  shoi-zn  in  paragraph  48,  a.  CI-MC  relation  can  be  estimated 
using  the  follov/ing  equation. 

in  CT  -  208  +  (In  MC  at  200  Cl  -  In  MC) 

In  MC  at  200  Cl  -  In  MC  at  300  Cl 

By  eubstitutiiig  CI-MC  coefficient-soil  property  relations.  Cl  can  be  ex¬ 
pressed  solely  in  terms  of  soil  properties  and  MC.  If,  for  example,  the 
relations  of  the  coefficients  with  clay  content  (shown  in  tabulation,  par¬ 
agraph  36)  are  substituted  the  equation  above  becomes: 


For  a  soil  with  a  clay  content  of  10^  the  equation  hecomes 

In  Cl  =  8.84?  -  1.209  In  MC 

With  an  input  MC  value  this  equation  can  be  used  to  predict  Cl.  In  a  like 
manner  Cl  predictions  can  be  made  with  knowledge  of  the  USDA  textural  or 
uses  class,  other  individual  soil  properties,  or  groups  of  soil  properties. 

107.  For  presentation  and  discussion  herein  two  predictions  of  Cl 
were  made,  one  on  the  basis  of  USDA  sand,  silt,  and  clay  contents  and  the 
other  on  the  basis  of  Atteiberg  liquid  limit,  plastic  limit,  and  plasticity 
index.  These  two  particular  soil  property  groxqps  were  selected  because 
they  are  probably  the  most  readily  obtainable  from  indirect  sources,  i.e., 
maps,  soil  surveys,  and  other  forms  of  literature.  Relations  of  the  CI-MC 
coefficients  with  these  soil  property  groups  were  all  highly  significant, 
those  with  the  USDA  soil  separates  having  the  hipest  multiple  correlation 
coefficients. 

108.  As  previously  noted,  evaluations  were  made  with  the  sites  used 
in  deriving  the  CI-MC  coefficient  relations,  72  sites  for  relations  with 
the  USDA  soil  separates  and  67  sites  for  the  relations  with  the  Atterberg 
limits.  Logarithmic  Cl  values  were  predicted  using  MC  values  corresponding 
to  six  levels  of  specific  Cl:  50,  100,  150,  200,  25O,  and  300.  Standard 
deviations  from  the  mean  and  average  algebraic  deviations,  both  in  loga- 
rithiaic  terms,  were  then  computed  for  each  of  the  above-listed  specific  Cl 
levels.  Equivalent  arithmetic  values  were  then  determined,  plotted  on  graph 
paper,  and  smooth  curves  were  drawn  through  the  points.  Results  are  shown 
in  plate  27. 

109.  Prediction  accuracies  were  not  good.  For  predictions  based  on 
USDA  soil  separates,  standard  deviations  ranged  from  about  34,  i.e. 

+55  I  -13 1  ^  specific  Cl  level  of  50  to  about  125  at  a  specific  Cl 

level  of  300 ;  based  on  the  Atterberg  limits,  corresponding  deviations  were 
about  27  and  133-  The  decrease  in  prediction  accuracy  with  an  increase  in 
specific  Cl  can  be  attributed  to  the  fact  that  the  slopes  of  CI-MS  relations 
become  steeper  as  the  Cl  level  increases  (see  plate  2).  The  data  in 
plate  27  also  show  that,  on  the  average,  predictions  were  slightly  high  at 
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low  levels  of  specific  Cl  (i.,e.  <200).  This  algebraic  trend  could  be 
easily  corrected,  but  the  resultant  decreases  in  standard  deviation  values 
xvculd  be  negligible . 

110.  Standard  deviations  from  the  mean  of  measured  Cl  values  by 
10-unit  incremetibs  of  specific  Cl  to  a  specific  Cl  level  of  210  were  com¬ 
puted  ( computati ons  for  higher  specific  Cl  levels  could  not  be  made  because 
300+  measured  values  would  have  been  included,  and  their  effects  could  not, 
of  course,  be  precisely  determined).  A  summary  of  measurement  and  predic¬ 
tion  accuracies  is  shown  below. 

Standard  Deviation  from  Mean 


at 

Specific 

CI  Levels 

of 

100 

1^0 

200 

CI  measured 

8 

18 

27 

35 

Cl  predicted  on  basis  of 
USDA  soil  separates 

3*^ 

38 

51 

64 

CI  predicted  on  basis  of 
Atterberg  limits 

27 

30 

44 

64 

In  general,  prediction  deviations 

are  about  twice  as  large  as 

measurement 

deviations.  It  should  be  noted. 

moreover. 

that  the 

measurement  deviations 

shown  are  from  sites  for  which  a  high  correlation  existed  between  Cl  and  MC 
(see  paragraph  22);  for  all  sites  in  general,  measurement  error*  would  thus 
be  greater  than  indicated. 

111.  Coefficients  of  determination  for  the  CI-MC  coefficient  rela¬ 
tions  indicate  that  between  63^  and  74%  of  the  variance  of  the  CI-MC  coef¬ 
ficients,  e.g.,  the  variance  of  the  position  of  the  CI-MC  relations,  is  ex¬ 
plained  by  the  USDA  soil  separates.  A  question  arises  as  to  what  other 
soil  properties  or  characteristics  could  be  used  to  account  for  the  unex¬ 
plained  variation. 

112.  Perhaps  the  most  important  factor  is  soil  structure  as  the  tom 
is  used  in  the  field  of  agriculture;  i.e.,  the  arrangement  of  primary  par¬ 
ticles  and  secondary  particles  (aggregates)  into  compound  particles  (pods) 

’  Tfic  term  ''measurement  error"  as  used  in  this  paragraph  includes  error 
attributable  to  several  sources,  i.e.,  natural  variation,  operator,  In¬ 
strument,  etc. 
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which  are  separated  from  adjoining  peds  by  surfaces  of  weakness.  Primary 
and  secondary  particles  are  held  together  by  binding  agents  which  in5)art 
strength  to  the  soil.  Descriptors  of  soil  structure,  particularly  quanti¬ 
tative  descriptors,  that  could  be  used  in  a  study  such  as  this  one  are  not 
presently  available. 

113.  The  effects  of  clay  and  organic  matter  contents  have  been  as¬ 
sessed  herein.  Of  equal  or  perhaps  greater  iirportance,  in  all  probability, 
are  the  electrochemical  properties  of  these  soil  materials,  i.e.,  the  ca¬ 
tion  exchange  capacities,  adsorbed  cations,  clay  mineralogy,  etc.  A  study 
of  these  factors  might  well  lead  to  a  more  fundamental  understanding  of 
soil  strength  phenomena. 

114.  Other  soil  characteristics  that  might  be  examined  profitably 
include  soil  moisture-tension  relations,  specific  surface,  and  activity. 
Value.s  of  the  above-listed  characteristics  relate  closely  to  what  are  con¬ 
sidered  to  be  the  more  fundamental  soil  properties.  bC's  at  given  tensions 
(particularly  for  tensions  of  less  than  about  3  atm)  determined  from  un¬ 
disturbed  samples  are  indicative  of  a  soil's  structural  characteristics. 
Specific  surface  is  a  reflection  of  the  grain  size  distribution  of  a  soil 
including  particle  sizes  far  below  the  2-micron  limit  generally  observed  in 
settlement  analyses.  The  contribution  of  the  clay  minerals  to  the  behavior 
of  a  soil  is  reflected  to  some  extent  by  activity. 

115.  Consideration  should  also  be  given  to  the  possible  modification 
cf  some  existing  soil  test  procedures;  tests  should  reflect  characteristics 
of  a  soil  in  its  entirety  and  its  natural  state.  For  example,  soil  samples 
should  not  be  excessively  dried  (i.e.,  dried  below  the  lowest  natural  mois¬ 
ture  level  that  occurs  in  the  field)  before  testing.  Further,  the  USDA 
practice  of  screening  out  all  materials  larger  than  2  mm  prior  to  establish¬ 
ing  grain  size  distribution  curves  would  seem  inappropriate  insofar  as  en¬ 
gineering  studies  in  general  are  concerned. 

Predictions  based  on  a 
measured  CI-MC  observation 

116.  A  method  for  estimating  a  CI-MC  relation  was  developed  from  the 
relation  that  exists  between  the  two  CI-MC  coefficients  shown  in  plate  8. 

Cl  can  be  predicted  for  any  given  MC  of  interest  provided  that  a 
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representative  (i.e.,  representative  of  the  area  in  question)  CI-MC  obser¬ 
vation  is  available. 

117.  MC  at  3OO-CI  values  of  2  through  33  were  substituted  into  the 

equation  shoi/n  in  plate  8  and  corresponding  values  of  MC  at  200  Cl  were 
computed.  Lines  passing  throu^  corresponding  points  were  then  drawn  on 
logarithmic  graph  paper  as  shown  in  plate  28.  By  plotting  a  representative 

CI-MC  observation  on  the  graph  an  estimated  CI-MC  relation  is  obtained  (in¬ 

terpolation  may  be  required) . 

118.  In  evaluating  the  method,  the  mean  logarithmic  values  of  meas¬ 
ured  Cl  and  MC  ( observations  with  300+  Cl  values  were  excluded)  were  deter¬ 
mined  for  the  72  sites  used  in  deriving  Cl  relations.  Arithmetic  equiva¬ 
lents  of  the  mean  logarithmic  values  were  then  determined,  plotted  on  a 
graph  like  that  shown  in  plate  28,  and  estimated  CI-NC  relations  estab¬ 
lished.  Prediction  accuracies  were  assessed  in  the  same  mariner  as  that  de¬ 
scribed  in  paragraph  108;  results  are  shown  in  plate  29. 

+36  +  I -4  I 

119.  Standaird  deviations  ranged  from  about  20,  i.e.  — = - i  ,  at  a 

specific  Cl  level  of  50  to  about  91  at  a  specific  Cl  level  of  300.  A  svim- 

mary  of  accuracies  of  measurements  (see  paragraph  110),  predictions  based 
on  Atterberg  limits,  and  predictions  based  on  site-mean  CI-MC  observations 
is  shown  below. 


Standard  Deviation  from  Mean 
at  Specific  Cl  Levels  of 


52 

100 

150 

200 

Ci  measured 

8 

18 

27 

35 

Cl  predicted  on  basis  of  Atter¬ 
berg  limits 

27 

30 

44 

61i 

CI  predicted  on  basis  of  site- 
mean  CI-MC  observations 

20 

23 

30 

36 

Predictions  based  on  a  representative  CI-MC  observation  are  much  better 
than  those  based  on  soil  properties  and  approach  the  accuracy  of  measure¬ 
ments  at  intermediate  Cl  levels. 

120.  A  prediction  method  based  on  a  representative  CI-MC  observation 
Is  obviously  limited;  necessary  information  could  not  generally  be  obtained 
from  indirect  sources.  Also,  representative  CI-MC  observations  may 
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occasionally  fall  below  the  lines  shown  in  plate  28  (5  of  the  72  values 
tested  did)  in  which  case  the  envelope  curve  formed  by  the  intersecting 
lines  must  be  used  for  prediction  purposes. 


Rating  Cone  Index 


121.  Methods  used  to  predict  RCI  and  procedures  used  in  evaluating 
the  methods  were  essentially  the  same  as  those  used  for  Cl.  Cor  quently, 
the  discussion  that  follows  is  somewhat  abbreviated. 

Predictions  cased 
on  soil  property  data 

122.  In  a  manner  analogous  to  that  discussed  in  paragraph  106,  RCI 
can  be  expressed  in  terms  of  a  soil  property  or  properties.  On  the  basis 
of  clay  content  (sec  relations  shown  in  paragraph  66),  for  example,  the 
equation  is  as  follows: 


In  RCI 


.  2.123  0.008(:'j  clay)  -  0.693  In  MC 

4.605  +  - o:iIl9“^  o:bl)2(TSa75 - 


For  a  soil  with  a  clay  content  of  10^  the  equation  becomes 


In  RCI  =  17.658  -  4.101  In  MC 


VJith  an  input  MC  value  this  equation  can  be  used  to  predict  RCI. 

123.  'Tira  predictions  of  RCI  were  made,  one  on  the  basis  of  the  USDA 
separate.s'  and  the  other  on  the  basis  of  the  .Atterberg  limits.  Prediction 
evaluatioTiS  were  made  with  the  33  sites  used  in  deriving  RCI-MC  coefficient 
relations.  Deviations  betvreen  estimated  RCI  and  specific  RCI  -were  computed 
at  seven  levels  of  specific  RCI  (25,  50,  100,  15O,  200,  250,  and  3CO)  in 
the  same  manner  as  that  for  Cl  (see  paragraph  IO8) .  Results  are  portrayed 
graphically  in  plate  30. 

124.  For  predictions  based  on  the  USDA  soil  separates,  standard  de¬ 
viations  ranged  from  about  21,  i.e.  —  ^  specific  RCI  of  25  to 

about  194  at  a  specific  RCI  level  of  250;  based  on  the  .Atterbe»’g  limits, 
corresponding  deviations  were  about  I9  and  l40.  Predictions  were  poor 


except  for  those  based  on  the  Atterberg  limits  at  low  (<100)  specific  RCI 
values.  Ti’.e  extremely  poor  prediction  acciiracies  at  high  levels  of  specific 
RCT  are  probably  attributable  to  the  steepness  of  RCI-MG  relations.  As 
shown  in  plate  12,  for  example,  a  moisture  content  change  of  1^-  ac  a  spe¬ 
cific  RCI  level  of  30C)  corresponds  to  an  RCI  change  of  more  than  Ho  units. 
Average  algebraic  deviations  of  the  predictions  were  insignificant. 

125.  Standard  deviations  of  measurec?  RCI  values  were  computed  in  the 
same  manner  as  that  for  Cl  (see  paragraph  110 ) .  A  summary  of  measurements 
and  prediction  accuracies  is  shovm  below. 


Standard  Deviation  from  Mean 
at  Specific  RCI  Levels  of 


25 

50 

100 

150 

200 

RCI  measured 

0 

l4 

25 

33 

38 

RCI  predicted  on  basis  of  USDA 
soil  separates 

21 

33 

57 

92 

138 

RCI  predicted  on  basis  of 
Atterberg  limits 

19 

18 

27 

54 

94 

Data  included  in  the  tabulation  above  again  show  that  RCI  predictions  based 
on  USDA  soil  separates  are  poor.  V/hen  .  ompared  with  measurement  deviations 
below  the  I50  specific  RCI  level,  deviations  from  predictions  based  on  At- 
teiberg  limits  do  not  appear  to  be  excessive;  in  fact,  accuracies  are  about 
the  same  at  the  100  specific  RCI  level.  Of  interest  is  the  fact  that  at  a 
given  level  of  specific  Cl  or  RCI,  RCI  measurement  accuracy  is  markedly 
poorer  than  is  Cl  measurement  accure.cy. 

126.  The  multiple  correlation  coefficient  for  the  relation  betvreen 
MC  at  100  RCI  and  the  Atteiberg  limits  is  0.9^6  (see  tabulation  at  top  of 
page  27),  and  the  coefficient  of  determination  is  0.89'p.  Consequently,  the 
unexplained  variance  (10^/^)  is  associated  with  a  standard  deviation  of  27 
RCI  units.  Vievred  in  this  manner,  results  are  particularly  disturbing;  the 
correlation  is  better  than  could  be  expected,  or  even  hoped  for,  but  still 
not  suitable  for  accurately  predicting  the  performance  of  a  given  vehicle 
(see  tabula  .ion  in  paragraph  le).  A  better  understanding  of  RCI  might  well 
be  gained  by  studying  the  influence  of  the  soil  properties  discussed  in 
paragraphs  113-115. 


/■ 
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ineasured  RCI-MC  obs.ervation 


127-  A  method  for  predicting  RCI  was  developed  from  the  I'clation  that 
exists  between  the  two  RCI-MC  coefficients  (see  plate  l8)  in  the  same  man¬ 
ner  as  that  for  Cl  discussed  in  paragraphs  ll6  and  11?.  By  p3otting  a  rep¬ 
resentative  RCI-MC  observation  on  the  graph  sho'v/n  in  plate  31  an  estimated 
RCI-MC  relation  can  readily  be  established. 

128.  Prediction  accuracies  are  shovm  in  plate  32.  Standard  devia¬ 
tions  ranged  from  about  11,  i.-e.  — ^  ,  at  a  specific  RCI  of  25  to 

about  137  at  a  specific  RCI  level  of  250.  A  .svunmary  of  measurement  and 
prediction  accuracies  is  shevm  below. 


Standard  Deviation  from  Mean 
at  Specific  RCI  Levels  of 


25 

29. 

100 

150 

200 

RCI  measured 

o 

Ik 

25 

33 

38 

RCI  predicted 
berg  linlts 

on  basis  of  Atter- 

19 

iS 

27 

54 

oh 

RCI  predicted 
mean  RCI-MC 

on  basis  of  site- 
observations 

11 

35 

23 

51 

90 

At  specific  RCI  levels  of  100  or  less  the  accuracies  of  measurements  and 
predictions  based  on  representative  RCI-MC  observations  are  about  the  same 
At  higher  levels  of  specific  RCI,  accuracy  of  predictions  based  on  a  repre 
sentativc  RCI-MC  sbservati on  decreases  rapidly,  approximating  that  of  pre¬ 
dictions  based  on  the  Attcrberg  limits. 


PART  IV:  CONCLUSIONS  AND  K'XO.W.KDATIOM3 


Conclusions 


129.  Tlie  basic  data  used  in  this  study  were  limited  in  two  major  re¬ 
spects:  (a)  all  were  taken  from  soils  within  the  tempciate  zone  (specif¬ 
ically,  from  the  continental  United  States)  and  (b)  all  were  taken  from 
soils  with  significant  amoiants  of  fines  (i.e.,  the  strength  of  any  given 
soil  used  in  the  analyses  was  not  entirely  due  to  internal  frict'^on  alone). 
Conclusions  are,  of  course,  restricted  to  the  confines  of  these  limitations. 

130,  Conclusions  are  listed  below.  For  the  convenience  of  the 
reader,  the  principal  paragraphs,  babies,  and  plates  supporting  each  con¬ 
clusion  are  noted. 

a.  For  all  soils  Cl  and  RCI  decrease  with  an  incr'^aso  in  MC 
(paragraphs  21,  5I)  52,  and  78,  t,_bles  1  am  and  plates 
9,  10,  19,  and  20).  For  almost  all  soils  RI  decreases  v/ith 
an  increase  in  MC  (paragraphs  10 L  and  103,  table  1,  and 
plates  25  and  26) . 

b.  Arithmetic  slopes  of  CI-MC  relations  are  approximatelji  par¬ 
allel  regardless  o^  soil  characteristics  (paragraph  30 

and  plate  8).  Arithmetic  slopes  of  RCI-  and  RI-MC  reJa- 
tions  tend  to  become  flatter  with  decreases  in  grain  si::o 
or  increases  in  plasticity  (paragraphs  69?  101,  and  103  and 
plates  18,  25,  and  26). 

c.  Both  Cl  and  RCI  are  quite  sensitive  to  changes  in  MC.  '^or 
example,  at  the  200-CI  and  200-RCI  levels  a  change  in  MC 
of  +1.0fo  corresponds  to  an  average  change  of  -I6  and  -30 
Cl  and  RCI  units,  respectively  (paragraphs  30  and  62  and 
plates  2  and  12).  Tlie  sensitivity  of  RI  to  changes  in  MC 
decreases  with  decreases  in  grain  size  or  increases  in 
plasticity,  apparently  to  a  point  viiere  RI  is  not  associated 
with  MC  (paragraphs  101  and  103  and  plates  25  and  26) . 

d.  Relations  significant  at  the  5^  level  exist  between  the  co¬ 
efficients  and  the  following  individual  soil  pi’operties: 


CI-MC 

Coefficients 

RCI-MC 

Coefficients 

RI 

Coefficient 

USDA  sand 

USDA  silt 

USDA  silt 

USDA  clay 

rSDA  clay 

USDA  clay 

uses  fines 

liquid  limit 
(Continued) 

Liquid  iim.  , 
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RCI“Mu  RI 

Coefficients  Coefficients 

Liquid  limit  Plastic  limit  Plasticity  index 

Plastic  limit  Plasticity  index 

Plasticity  index 

Little  correlation  exists  between  dry  density  and  any  of 
the  coefficients  (paragraphs  36*  37j  ^0,  66,  67,  89?  and  90 
and  plates  3-7,  13-17,  and  22-24) . 

e.  Values  of  Cl-  and  RCI-MC  coefficients  (MC  at  the  200-  and 
3OO-CI  levels  and  MC  at  the  100-  and  200-RCI  levels,  re¬ 
spectively)  increase  with  a  decrease  in  grain  size  or  an 
increase  in  plasticity  (paragraphs  3^-36  and  64-66  and 
plates  3-6  and  13-I6).  Values  of  the  RI  coefficient  (site 
mean  Rl)  increase  with  a  decrease  in  grain  size  or  an 
increase  in  plasticity  (paragraphs  87-89  and  plates  22-24). 

f.  Interacting  effects  on  Cl,  RCI,  and  RI  exist  between  MC  and 
the  U3DA  soil  separates.  At  a  relatively  high  MC  level 
(40^),  changes  in  all  three  strength  parameters  are  associ¬ 
ated  almost  entirely  with  changes  in  clay  content.  With  de¬ 
creasing  MC,  however,  changes  in  the  strength  parameters 
tend  to  become  more  closely  associated  with  sand  content; 

at  the  20^  MC  level,  sand  content  is  either  a  primary  or 
the  dominant  associated  factor  (paragraphs  50,  78,  and  100 
and  plates  9,  19,  and  25). 

£.  Interacting  effects  on  Cl,  RCI,  and  RI  exist  between  MC  and 
the  Atterberg  limits.  At  a  given  MC  level,  plastic  limit 
is  a  factor  consistently  associated  with  the  three  strength 
parameters;  it  is  of  either  primary  or  secondary  importance. 
Liquid  limit  is  a  factor  of  primary,  secondary,  or  little 
importance  depending  upon  the  strength  parameter  and  mois¬ 
ture  level  in  question  (paragraphs  52,  79,  and  102  and 
plates  10,  20,  and  26). 

h.  With  an  input  MC,  Cl  or  RCI  can  be  predicted  with  a  knowl¬ 
edge  of  USDA  textural  classification  system  class  or  USCS 
class,  one  of  several  individual  soil  properties,  one  of 
several  groups  of  soil  properties,  or  a  representative 
CI-MC  (or  RCI-MC)  observation.  Prediction  accuracies,  how¬ 
ever,  are  not  good.  Based  on  the  Atteiberg  limits,  for  ex- 
an5)le,  stemdard  deviations  of  predicted  Cl  ranged  from 
about  27  at  a  Cl  level  of  50  to  about  133  at  a  Cl  level  of 
3OO;  standard  deviations  of  predicted  RCI  ranged  from  about 
19  at  sin  RCI  level  of  25  to  about  9^  at  an  RCI  level  of  200 
(paragraphs  106,  109,  117,  II9,  and  124  and  plates  27-32). 
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Becominendations 


131.  Based  on  the  limitations  of  hasic  data  used  in  this  study  and 
results  of  the  analyses  the  following  recommendations  are  made. 


a.  An  additional  soil  strength  study  based  on  field  data 
should  be  made.  Dat^  collected  with  the  O.S-sq-in.  cone 
penetrometer  (maximum  reading  of  750)  would  be  included. 
The  study  would  be  patterned  after  the  one  presented 
herein  with  the  following  important  exceptions . 


(1) 
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Measured  MC  values  by  increments  of  measxored  Cl  and 
RCI  (perhaps  10  or  20  urdts)  would  be  related  to  soil 
property  values.  This  would  (a)  eliminate  the  neces¬ 
sity  of  using  only  those  data  for  which  reliable  CI-MC 
or  RCI-MC  relations  exist,  (b)  provide  a  means  for  ac¬ 
curately  approximating  the  true  equation  form(s)  de¬ 
scribing  the  CI-MC  and  TCI-MC  relations,  and  (c)  allow 
incorporation  of  practically  all  CI-MC  and  RCI-MC  data 
available,  thus  greatly  expanding  the  applicability  of 
derived  relations  in  terms  of  soil  property  value 
ranges  and/or  regions  of  the  world. 

The  feasibility  of  establishing  relations  with  MC  ex¬ 
pressed  on  a  volumetric  basis  would  be  investigated. 

Contents  of  soil  separates  would  be  based  on  the  total 
soil. . 

Depth  at  which  CI-JC  and  RCI-MC  observations  were  made 
would  be  treated  as  an  additional  independent  variable. 

Activity  would  be  treated  as  an  additional  independent 
variable  to  provide  sane  means  to  account  for  the  ef¬ 
fects  of  clay  type. 


The  final  output  of  the  study  would  consist  of  series  of 
textural  triangles  and  plasticity  charts  on  which  Cl  and 
RCI  isolines  will  be  superimposed  (see  plates  9,  10,  I9, 
and  .30) .  Graphs  will  be  by  1$  or  23t  increments  of  MC  and 
probaoly  by  increments  of  activity  and  other  soil  proper¬ 
ties  if  they  are  found  to  make  a  significent  contribution. 


b.  A  laboratory  study  of  the  strength  of  inorganic  clay  matrix 
soils  (soils  in  which  particles  >0.002  mm  are  separated  by 
a  clayrwater  system)  should  be  made  >  The  study  would  be 
based  on  the  assumption  that  all  the  water  contained  in  a 
clay-matrix  soil  is  associated  only  with  the  clay  fraction 
of  that  soil  ( for  all  practical  purposes  this  has  been 
proven  true  for  remolded  soils).  Prepared  soils  composed 
of  ground  quart?,  washed  sand,  and  kaolinite,  illi>e,  and 
bentonite  clays  (all  with  the  same  adsorbed  cation  type) 
will  be  used.  The  purposes  of  the  study  will  be  to; 
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(1)  test  the  hypothesis  that  at  a  given  MC  of  the  clay  frac¬ 
tion,  the  remolded  strengths  (BCl)  of  all  clay  matrix  soils 
containing  a  given  type  of  clay  and  adsorbed  cations  will 
be  equal  regardless  of  the  content  of  clay,  (2)  test  the 
hypothesis  that  at  a  given  MC  of  the  clay  fraction,  tlie  re¬ 
molded  strength  (RCI)  of  clay-matrix  soils  containing  a 
given  type  of  adsorbed  cations  will  vary  with  clay  type, 
and  (3)  gain  basic  Imowledge  pertaining  to  soil  strength. 

c.  A  laboratory  study  of  highly  organic  soi3.s  should  be  made. 

In  this  study  the  ass-umption  would  be  made  that  all  the 
water  in  the  soil  is  associated  with  the  clay  and  organic 
matter  fractions  of  the  soil.  Prepared  soils  similar  to 
those  noted  in  pax’agraph  131b  would  be  used  except  that 
various  types  of  organic  matter  (i.e.  at  various  stages  of 
decomposition)  would  be  used  to  establish  the  effects  of 
organic  matter  contents  and  types  on  remolded  soil  strength. 
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APPENDIX  A:  BASIC  DATA 

1.  Included  in  this  appendix  are  tables  of  site  characteristics, 
soil  physical  properties,  and  soil  moisture-strength  data.  The  methods 
used  to  obtain  values  are  also  set  forth. 

Site  Characteristics 


2.  Table  A1  gives  the  location,  elevation,  slope.,  aspect,  topo¬ 
graphic  position,  drainage  characteristics,  wetness  index,  land  use,  and 
vegetation  of  each  site.  The  location  is  indicated  by  the  nearest  tovm, 
state,  latitude,  and  longitude  as  determined  from  maps. 

3.  The  percent  slope  and  aspect  were  measured  with  an  Abney  level 
and  hand  compass.  The  topographic  position  was  indicated  as  upland,  ter¬ 
race,  or  bottomland;  modifications  of  these  basic  positions  were  indicated 
by  additional  descriptors  such  as  ridge,  upper  slope,  flat,  etc. 

4.  Surface  and  internal  drainages  were  classified  as  good,  moderate, 
or  poor.  The  wetness  index  is  an  arbitrary  classification  of  sites  into 
five  groups  on  the  basis  of  either  minimum  depth  to  water  table  or  maximum 
depth  of  infiltration.  The  classification  is  used  as  an  indicator  of  the 
maximvmi  moisture  content  that  can  be  attained  in  the  0-  to  12-in.  layer; 
the  wetness  index  ranges  from  0  for  soils  in  arid  regions  to  4  for  soils 
subject  to  near  saturation.  Depth  to  water  in  observation  wells,  soil  mor¬ 
phological  features,  soil  moisture -tens ion  relations,  weather,  and  vegeta¬ 
tion  were  used  as  indicators  in  establishing  wetness  index  classes. 

5.  Included  under  land  use  are  disturbances  of  the  land  such  as  cul¬ 
tivation  or  grazing.  If  no  evidence  of  use  during  the  preceding  five  years 
was  apparent,  the  site  was  considered  to  be  undisturbed. 


Soil  Hiysical  Properties 


6.  Soil  physical  properties  of  the  6-  to  12-in.  layer  for  each  site 
are  listed  in  table  A2.  Included  are  USDA  and  USCS  grain  size  fractions, 
Atterberg  limits,  organic  matter  content,  dry  density,  and  USCS  and  USDA 


I 


soil  classes .  All  properties  except  dry  density  were  obtained  from  a  com¬ 
posite  of  five  bulk  samples  for  sites  nxiuibered  129  throug’a  and  from  a 
con^iosite  of  two  bulk  samples  for  all  other  sites. 

7.  The  mechanical  con^jositions  of  soils  were  detentiined  at  the  WES 
by  a  combination  sieve  and  hydrometer  analysis;  grain  size  fractions  are 
expressed  as  percent  of  dry  wei^t.  USDA  sand  (0.05  to  2  ram),  silt  (0.002 
to  0.05  mm)^  and  clay  (<0.002  mm)  contents  are  based  on  that  soil  passing  a 
No.  10  U.  S.  standard  sieve,  whereas  fines  (<0.074  mm)  content  is  based  on 
the  whole  soil. 

8.  The  Atterberg  limits  were  determined  at  the  WES.  Organic  matter 
content  deteminations  were  made  at  the  Mississippi  Agricultural  Experiment 
Station.  Values  are  expressed  as  percent  of  dry  wei^t.  Results  for  most 
soils  were  determined  by  a  modified  Walkley,  rapid,  dichromate  oxidation 
method.  If  organic  matter  contents  as  determined  by  this  method  were 
greater  than  5  percent,  the  loss-on- ignition  method  following  modified  pro¬ 
cedures  of  the  Association  of  Agricultural  Chemists  was  used. 

9.  Undisturbed  core  samples  were  used  in  determining  dry  density 
values.  Sampling  frequency  and  equipment  used  are  listed  below. 


Site  No. 
Range 

No.  of 
Sites 

Sampling 
Equipment  Used 

No.  of 
Collections 

No.  of 
Samples  per 
Collection 

14-35 

22 

Trafficability 

sampler 

Every  visit, 
possible 

4  ‘ 

1“13 

38-128 

150-156 

65 

Modified 

San  Dimas 
sampler 

1 

2 

129-136 

8 

Modified 

1 

5 

San  Dimas 
sampler 


Use  of  the  trafficability  sampler  for  obtaining  samples  is  discussed  in 

Appendix  B;  procedures  for  using  the  San  Dimas  sampler  have  been  set  forth 
12* 

by  Broadfoot.  Dry  density  values  shewn  in  table  A2  are  in  pounds  per 
cubic  foot;  for  a  given  site  the  value  diown  is  the  average  of  all  samples 

*  Raised  numbers  refer  to  similarly  numbered  items  in  the  Literature  Cited 
at  the  end  of  the  main  text. 
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taken.  (A  value  ■“5ts  not  determined  for  site  17.) 

10.  uses  classes  are  differentiated  on  the  basis  of  soil  textural 
and  plasticity  characteristics .  The  system  is  used  primarily  to  classify 
soils  from  an  engineering  construction  standpoint.  USDA  textural  classes 
are  based  solely  on  soil  texture.  Classification  criteria  are  set  forth  in 
the  USDA  Soil  Survey  Manual. 

Soil  Moistvire -Strength  Data 

11.  Soil  moisture  content  (MC)  and  soil  strength  data  (CI,  RI,  and 
RCI)  of  the  6-  to  12-in.  layer  for  each  site  are  shown  in  table  A3.  Equip¬ 
ment  used  and  procedures  followed. in  jneasur-ing  soil  strength  are  discussed 
in  Appendix  B.  Tne  trafficability  sampler,  described  in  Appendix  B,  was 
used  to  obtain  ^avimetric  moisture  samples. 

12.  Marked  differences  existed  in  gite  areas  and  the,  number  of  soil 
moisture  and  strength  observations  made  at  a  site,  as  shown-beiow. 


No,  of  Ob- 


Site  No. 

No.  of- 

Site  Area 

servations  per  Visit 

Range, 

Sites 

s'q  ft 

MC 

01  \  m 

14-35 

22 

1600 

4  ■ 

12  4 

1-13 

38-128 

150-156 

65 

72 

4 

6  4 

129-136 

8 

440 

5 

20  5 

The  relation  between  size  of  area  and  nuniber  of  observations  is  important 
because  the.  reliability  of  data  is  to  a  large  extent  dependent  on  sang)ling 
intensity.  Differences  in  the  reliability  of  data  can  be  compensated  for 
statistically  throxi^  Use  of  weighted  analyses.  This  was  not -done,  in  this 
report  because  such  analyses  are  ccsnaplicated'  and  because  of  the  large 
amount  of  data  utilized. 

13;  *  -Included  foi*  each  site  in  table' A3  are  the  dates  of  visits  and 
average  values  of  MC  (expressed .-in  percent  dry  weight),  CI,  Rl;  and  RCI 

for  each  visitv.  *  ”  '  , 
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Table  A2 

Soil .Physical  Properties.  6-  to  12-ln.  layer 


Site 

Mechanical  Analysis, 
USDA 

Atterberg 

Limits 

Organic 

Matter 

Diy 

Density 

Classification 

No. 

Clay 

Fines 

LL 

PL 

PI 

d. 

pcf 

uses 

USDA 

1 

6 

75 

19 

99 

28 

23 

5 

0.8 

85 

MI, 

SiL 

2 

4 

78 

18 

100 

35 

27 

8 

1.2 

88 

ML 

SiL 

4 

6 

49 

^3 

96 

60 

25 

35 

1.8 

82 

CH 

SiC 

6 

4 

79 

17 

100 

38 

26 

12 

1.5 

82 

ML 

SiL 

7 

4 

80 

16 

100 

25 

24 

1 

0.7 

80 

ML 

SiL 

8 

6 

72 

22 

99 

36 

23 

13 

0.4 

84 

CL 

SiL 

9 

30 

61 

Q 

77 

19 

17 

2 

1.0 

95 

ML 

SiL 

10 

30 

57 

13 

77 

24 

18 

6 

0.8 

94 

CL-ML 

SiL 

12 

22 

55 

23 

84 

31 

18 

13 

0.9 

86 

CL 

SiL 

13 

18 

36 

46 

83 

68 

23 

45 

0.8 

76 

CH 

C 

l4 

9 

65 

26 

96 

38 

21 

17 

— 

94 

CL 

bXL 

15 

12 

63 

25 

91 

55 

20 

35 

1.9 

86 

C!{ 

SiL 

l6 

l8 

52 

30 

87 

45 

25 

20 

3.5 

90 

CL 

SiCL 

17 

13 

62 

25 

89 

82 

42 

40 

— 

Oft 

SiL 

18 

■  8 

58 

34 

96 

54 

18 

36 

-- 

91 

CH 

fiCL 

19 

18 

51 

31 

88 

52 

24 

28 

2.8 

98 

CH 

SiCL 

20 

12 

68 

20 

91 

33 

21 

12 

94 

CL 

SiL 

21 

9 

69 

22 

96 

34 

21 

13 

2.3 

93 

CL 

SiL 

22 

46 

38 

16 

69 

31 

22 

9 

2.9 

82 

CL 

L 

23 

15 

36 

49 

90 

58 

25 

33 

1.6 

90 

Cft 

C 

24 

l4 

54 

32 

94 

33 

19 

l4 

4.2 

86 

CL 

SiCL 

25 

51 

40 

9 

60 

29 

24 

5 

3.8 

85 

ML 

L 

26 

6 

70 

24 

99 

49 

22 

27 

3.4 

80 

CL 

SiL 

27 

9 

79 

12 

99 

48 

22 

26 

3.1 

80 

CL 

SiL 

28 

12 

68 

20 

97 

3'* 

18 

16 

0.7 

93 

CL 

SiL 

29 

9 

63 

28 

97 

54 

23 

31 

4.1 

78 

CH 

SiCL 

30 

29 

47 

24 

80 

42 

24 

18 

1.0 

91 

CL 

L 

31 

23 

47 

30 

88 

43 

23 

20 

1.1 

9? 

CL 

CL 

32 

14 

29 

57 

91 

60 

26 

3*^ 

0.9 

92 

CH 

C 

33 

23 

37 

40 

88 

43 

19 

24 

0.9 

99 

CL 

C 

3“* 

10 

20 

70 

92 

107 

28 

79 

0.9 

82 

CH 

C 

35 

60 

30 

10 

49 

— 

— 

NP' 

-■ 

106 

SK 

SL 

38 

60 

35 

5 

53 

16 

NP 

0.2 

84 

ML 

SL 

39 

l4 

71 

15 

90 

28 

20 

3 

0.7 

91 

CL 

SiL 

4l 

94 

4 

2 

7 

16 

” 

KP 

0.3 

95 

SM 

S 

47 

29 

20 

51 

72 

57 

24 

33 

0.7 

70 

CH 

C 

48 

35 

23 

42 

66 

63 

28 

35 

0.5 

89 

CH 

C 

51 

65 

30 

5 

43 

21 

— 

KP 

0.4 

82 

3M 

SL 

58 

36 

24 

40 

72 

53 

23 

30 

1.7 

87 

CH 

C 

60 

29 

49 

22 

83 

30 

20 

10 

0.9 

90 

CL 

L 

6l 

13 

65 

22 

93 

32 

22 

10 

1.2 

88 

CL 

SiL 

62 

50 

35 

15 

67 

20 

17 

0.5 

93 

ML 

L 

67 

12 

65 

23 

93 

39 

31 

8 

0.7 

59 

ML 

SiL 

71 

19 

67 

l4 

93 

27 

20 

7 

0.5 

91 

CL-ML 

SiL 

72 

16 

73 

11 

05 

26 

22 

u 

0.8 

88 

CL-ML 

SiL 

74 

8 

70 

22 

>5 

37 

25 

12 

1.4 

85 

ML 

SiL 

75 

42 

53 

5 

68 

18 

— 

NP 

0.6 

99 

ML 

SiL 

76 

22 

51 

27 

92 

46 

22 

24  . 

1-3 

90 

CL 

SiL 

79 

37 

40 

23 

86 

3** 

17 

17 

1.0 

90 

Cl 

L 

81 

57 

23 

20 

57 

25 

15 

10 

0.5 

103 

CL 

SCL 

( Continued) 


**■  KP  =  nonplastic. 


Table  A2  (Concluded) 


Site 

Mechanical  Analysis, 
USDA 

1  by  wt 

uses 

Atterberg 

Limits 

Organic 

Matter 

Dry 

Density 

Classification 

No. 

Sand 

Silt 

Clay 

Fines 

LL 

PL 

PI 

i 

pcf 

uses 

USDA 

83 

37 

40 

23 

73 

48 

22 

26 

1-9 

95 

CL 

L 

85 

71 

18 

11 

42 

22 

17 

5 

0.8 

97 

SC-SM 

SL 

88 

28 

66 

6 

82 

26 

22 

4 

2.1 

84 

CL-ML 

SiL 

89 

22 

72 

6 

88 

23 

24 

4 

1.9 

69 

ML 

SiL 

90 

91 

7 

2 

11 

15 

— 

NP*- 

1.5 

95 

3M 

S 

91 

93 

6 

1 

9 

l4 

— 

NP 

0.8 

89 

SM 

S 

9U 

84 

15 

1 

19 

15 

— 

KTO 

1.7 

95 

SM 

LS 

95 

37 

57 

6 

76 

22 

19 

3 

1.1 

87 

ML 

SiL 

96 

48 

47 

5 

59 

20 

16 

4 

0.8 

80 

CL-ML 

SL 

97 

25 

69 

6 

36 

25 

21 

4 

1.0 

72 

CL-MiL 

SiL 

98 

26 

69 

5 

83 

26 

22 

4 

1.6 

77 

CL-ML 

SiL 

101 

30 

37 

33 

76 

45 

19 

26 

0.9 

86 

CL 

CL 

102 

Ch 

31 

5 

43 

17 

15 

2 

1.3 

92 

SM 

SL 

103 

18 

66 

16 

94 

36 

26 

10 

3.7 

61 

rc. 

SiL 

105 

18 

64 

18 

93 

4l 

26 

15 

4.0 

60 

ML 

SiL 

108 

12 

76 

12 

98 

64 

48 

16 

5.8 

57 

M;{ 

SiL 

109 

44 

38 

18 

62 

3C 

22 

l4 

3.6 

72 

CL 

L 

110 

t2 

42 

16 

65 

39 

25 

l4 

5.0 

67 

CL 

L 

112 

34 

51 

15 

78 

38 

25 

13 

5.3 

65 

ML 

SiL 

llU 

20 

65 

15 

96 

42 

23 

14 

5.5 

60 

.ML 

SiL 

115 

31 

49 

20 

32 

29 

19 

10 

3.7 

70 

CL 

L 

116 

46 

42 

12 

66 

49 

44 

5 

4.2 

59 

ML 

L 

117 

10 

55 

35 

93 

36 

17 

19 

0.9 

92 

CL 

SiCL 

119 

11 

49 

40 

99 

38 

19 

19 

0.6 

97 

CL 

SiC 

120 

9 

71 

20 

93 

33 

23 

10 

0.5 

92 

CL 

SiL 

123 

32 

48 

20 

74 

28 

18 

10 

0.6 

94 

CL 

L 

121, 

7 

74 

19 

95 

— 

— 

NP 

1.1 

89 

ML 

SiL 

125 

10 

76 

l4 

97 

32 

23 

9 

0.5 

84 

ML 

SiL 

126 

6 

60 

3^ 

98 

47 

24 

23 

0.7 

91 

CL 

SiCL 

127 

17 

58 

25 

91 

30 

20 

10 

0.8 

99 

CL 

SiL 

128 

9 

62 

29 

96 

39 

20 

19 

0.8 

93 

CL 

SiCL 

129 

7 

78 

15 

99 

36 

24 

12 

1.3 

91 

CL 

SiL 

130 

12 

73 

15 

98 

33 

22 

11 

1.6 

92 

CL 

SiL 

131 

22 

59 

19 

89 

36 

20 

16 

1.0 

92 

CL 

SiL 

132 

3 

38 

59 

99 

88 

31 

57 

1.2 

76 

CH 

C 

133 

5 

72 

23 

99 

39 

21 

18 

1.0 

92 

CL 

SiL 

13^ 

4 

45 

51 

96 

85 

30 

55 

1.7 

73 

CK 

SiC 

135 

3 

54 

43 

99 

73 

28 

45 

1-3 

80 

CH 

SiC 

136 

0 

69 

31 

100 

50 

19 

31 

1.6 

88 

CH 

SiCL 

150 

10 

50 

40 

95 

52 

20 

32 

2.0 

89 

CH 

SiCL 

151 

l4 

51 

35 

93 

47 

2? 

25 

2.9 

85 

CL 

SiCL 

152 

17 

62 

21 

90 

30 

20 

10 

1.7 

84 

CL 

SiL 

153 

l4 

67 

19 

94 

33 

22 

11 

2.0 

69 

CL 

SiL 

j-55 

20 

67 

13 

88 

3*^ 

26 

8 

3.3 

77 

ML 

SiL 

156 

16 

71 

13 

94 

36 

26 

10 

2.8 

71 

ML 

SiL 

•  IIP  =  nonnlaetic. 


j'able  A3 


S<  11  ill  iGlure-Siyeut^U  Datat  tu  12-ln,  Lar.cr 


Date 

I'x:,  ■ 

Cl 

R1 

RCI 

site 

1,  VioksbuiT, 

30.8 

128 

V‘‘/51 

31 .1 

12/ 

‘t/ysi 

28.4 

13- 

H/./si 

28.  > 

132 

29.0 

12  . 

4/12/61 

29.1 

137 

4/17/51 

27.1 

129 

4/19/51 

23.2 

232 

4/21/51 

31.0 

102 

4/24/51 

28.-.. 

iH 

4/26/51^ 

28.2 

3  Vo 

0.-'.7 

118 

4/26/51“ 

30.4 

128 

0,'  k 

f-o 

4/27/51' 

25.1 

115 

0.56 

•i 

4/27/51- 

29.5 

101 

0.53 

9-.- 

4/27/51 

25./ 

215 

4/28/51* 

29.2 

170 

0.42 

n 

4/30/51- 

28.4 

198 

o.*.i 

121 

5/l/^5l' 

25.8 

190 

O.nB 

>1 

5/1/51- 

2-'  .n 

201 

0.45 

JO 

5/2/51- 

2-  .9 

222 

0.84 

18'. 

5/2/51' 

2-  .1 

199 

0.46 

9 

5/2/51* 

23.'. 

3001 

5/2/51* 

23.0 

25'“ 

5/3/51“ 

2-'  .4 

190 

j.45 

5/3/51“ 

28.2 

li2 

0.33 

jO 

5/3/51“ 

20. 2 

204 

■0.  5 

133 

5/4/51“ 

0 

ibo 

0.  2 

112 

5/4/51* 

2b.-, 

143 

0.4y 

■,’0 

5/4/51' 

23.S 

244 

5/4/51“ 

25.' 

176 

0.4- 

82 

5/5/51- 

27.0 

V  . 

0.48 

80 

5/5/51- 

24.8 

2i0 

'5/V/5i' 

25.'- 

220 

5/  V51- 

2'..0 

213 

0.43 

j2 

5/  //5l' 

'J4.4 

0.53 

142 

2/ .  5 

i. « 

0.-  h 

10b 

5/9/51- 

23.3 

2'.0 

5/9/51- 

25.“ 

210 

o.a 

349 

5/10/51- 

25.2 

213 

0.4® 

105 

5/10/51* 

29.3 

101 

0.  4 

•  s 

5/11/51* 

2, -.2 

IcU 

0.51 

94 

5/11/51- 

23.1 

300* 

0.43 

5/Jl/51‘ 

27.7 

1.8 

12 

5/11/51' 

23.4 

375 

0.78 

13-'- 

5/11/51- 

26.’ 

147 

1.07 

357 

5'1?/51- 

25.4 

159 

0.39 

'■2 

5/12/51 

24./ 

251 

5/ ■'4/51' 

25.1 

3:9 

0.44 

/k 

5/14/51- 

23.9 

201 

Site 

2,  Vic- 

25.4 

235 

4/'751 

25.4 

300 

4/10^1 

25.1 

242 

/13/51- 

25.2 

259 

/!•  /51' 

2'  .2 

14!( 

0.'  3 

91 

/lJ/‘  3 

25.4 

2ln 

/20/5J ■ 

2  .3 

If}/ 

0,  1 

12, 

/2' '53 

2  '.0 

1/5 

1J4 

/J'-/51 

Of  , 

300 

■■23/53  ■ 

25.’ 

233 

j.^2 

:?) 

/2'J/51- 

25.0 

/30/5I- 

2  .5 

1/2/53 • 

2''.i 

/2/^2 

P*'  .  * 

299 

3/ ■/j? 

f'"  .0 

2-4 

■,14/5’ 

2-  2 

■■It, 

:  /23  /-.’O 

2-.r> 

J''0 

0.4 

-  '2,  '52 

2'  .9 

2’ 

j2 

'  3 

■n 

mm 

Site  2,  VI 

cl:.5burr:,  !ilss 

,  (Cout'd) 

2/4/52 

2'/.  2 

210 

o.-,9 

145 

2/11/52 

2".' 

232 

0.'  0 

139 

2/38/52 

25.9 

23'' 

2  25/52 

2  .5 

192 

0.50 

111 

3/3/52 

28.9 

20/ 

o.lf. 

95 

3/11/52 

27.-, 

197 

0,50 

3/1 //52 

27,3 

215 

0.1*2 

90 

3/24/52 

25.-', 

2U1 

O.'/O 

1/9 

3/31/52 

2'.. 2 

255 

O.,  8 

173 

4/7/52 

25.0 

2..0 

4/1)752 

2',. 5 

244 

5/2-  /52 

25.9 

284 

Site  4,  liouiid. 

u. 

4/1/51 

33.8 

l4o 

4/3/51 

33..4 

128 

)t/>t/5l 

11 

14! 

4/-;/5l 
).,'  /•91 

.,2.4 

Ilf 

31.9 

128 

4/7/51 

;2. 

12/ 

4 '1 1/51 
4'12/5l 

32.7 

lit4 

34.5 

140 

li/l-'/51 

33.3 

144 

'./l8/5i 

33.3 

139 

4/ 13 '51 

30.8 

1  '8 

4/20/51 

31.- 

ll;-/ 

4/24/51 

/.it. 

151 

5/22/51- 

32.0 

99 

5/23/51* 

31.  j 

125 

5/24/51- 

j-a  ^f") 

132 

5/2!751- 

33  ^2 

115 

5/,’5/51- 

33. ) 

■>2? 

■/2  /5''  • 

32.5 

5/2'  /51- 

31.5 

1'}  ■ 

5/2J/51- 

33.  / 

11  . 

'  •  1 

5 '2  9/51- 

3>.' 

i?6 

5  ,■, 

5'3l/53- 

29.5 

218 

5/31/51- 

30.1 

1  7 

.  .24 

2?1 

5  ■'31/51- 

/2/5I' 

30. -3- 

3, -.2 

-  >5 
■*  a 

1.0'.' 

’■  5 

■  /2/5i- 

32.4 

lit. 

/4/51- 

32.' 

153 

•,'4/51- 

32.1 

1-  2 

1.02 

1  5 

■  '■  /51- 

32.2 

143 

0.  *5 

13 

■  /•',/5l- 

31.5 

15 

■7'/51- 

32.3 

143 

/,'/51- 

31.2 

15/ 

,'9/51- 

31.4 

134 

./9/53- 

33.4 

'45 

'/•9/51- 

33. J 

132 

'  ,'11/51- 

33-8 

99 

.0 

f05 

•/1 1/51 

29.; 

330- 

,/'l2/51- 

31.8 

,2 

712/51- 

33- 

92 

•■/12/51- 

/l!t/51- 

33.0 

03 

•’2.  , 

120 

/l)753' 

34.3 

131 

■0.93 

■2 

/j5/'51- 

32.3 

'1/ 

/ 15/51  ■ 

34.5 

,  0 

9.9H 

r4 

'^8/5l• 

33.4 

319 

0 . 9‘> 

113 

'19'51 

32.4 

22li 

''21,71- 

33., 

I'j. 

,'23/53 

30.0 

1> 

9/3  -ys* 

29.- 

23", 

1/2/52 

3®,  5 

U1 

'.'7'j2 

S.2 

1  4 

./14/52 

<2.  ) 

152 

3/23  ,'52 

“1.  , 

122 

- ,  2,  '52 

53. 9 

■  3 

*4*  h.wd) 


Date 

nc, 

Cl 

RI 

(Cout'd) 

HCI 

Site  4, 

“  lUi  d, 

lot. 

2/4/52 

33.5 

!■/, 

2/11/52 

32.0 

Ic4 

2/1752 

13.3 

1  3 

2/25/52 

33.2 

laO 

3/3/52 

3.  .7 

1/2 

3/11/52 

35.4 

)46 

3/12/52 

35 .  '9 

12 

0.7/ 

122 

3/I1/52 

33.0 

■*  0' ' 

3/24, 52 

, 

i./'O 

3/31/52 

3-3.9 

200 

4/14 '52 

33.8 

4/21/92 

29.0 

300 

l*/25/52 

33.0 

'1 

4/28/52 

30.8 

\  > 

5/5/52 

10.2 

3'» 

5/19/52 

33.7 

W 

]4 

5/2,,/52 

sa_ 

1  1 

■  /2/52 

33.5 

1)1 

Site 

,  /i'^'isburR, 

2’2,  /52 

75.2 

-90 

0.54 

•;0 

2/28  '52 

35.4 

0.49 

t2 

it/-  /52 

31 .  / 

’  t'  1 

0.9/ 

> 

4  '5-92 

34.0 

,  1 

0.4- 

•  22  9? 

31 

'M 

0.93 

t 

4 '24 '92 

4  ?9  92 

31. ’9 

'25 

0.4. 

5' 

,  'ea 

30.4 

0.4. 

713 '5? 

30.  •! 

1-  2 

'1.57 

^2 

5 '20/ -92 

-'2.; 

9i2 

1.5.7 

I*/*- 

5>2  ;'52 

32.  ■ 

■0.  5 

‘>1 

3 

>  , 

'  j 

,'10-99 

•  J 

1  a 

2  / 

-  '3 

/ J  ,  ^0. 

•0. 

l'' 

■  /2’,'52- 

2  . 

2-90 

J.  9 

:3) 

/23/52- 

2 

2’4 

9 

J  )-j 

2)*/92 

2  ’ .  ' 

.70 

1.  3 

*30 

''*9/92- 

’O'! 

9 .  ' 

I  2 

■  /2  ,'92- 

^  J.'J 

235 

, 

3  0 

/2/'52- 

2/. 2 

i 

11/2752 

2  ,2 

21'-' 

1.7/1/52 

2:).; 

220 

I2/')/92 

31.; 

0.53 

^3 

12/;  /92 

32.2 

-0. 

2 ■ 12 '52 

30.*. 

I' 

0.90 

c) 

)  2/1-;/ 52 

30.2 

\ 

).■  4 

120 

12/i'-/52 

20. 

1  •; 

1.91 

1  1 

l2  '?2/52 

31. 

1  !i 

J  a 

l-)2 

’.2,'29'52 

30.2 

ic  ^ 

1.  0 

112 

1'2,'53 

51.; 

13 

0.45 

i 

i/9  53 

3U3 

1’  5 

0.  1 

ni 

7  )/53 

32.-- 

130 

1/12 '93 

0.  .2 

i  ?■ 

0.  2 

10) 

1/1  ■'53 

31. 

1  fO 

1/19'53 

31.3 

0.  / 

Ijh 

1  .'23/53 

32/ 

y-,  r 

1./3 

Hi/ 

■  12-  /5', 

31 . 

ih\ 

0.99 

'  31';- 

Bti.  ' 

]U2 

'.9I 

’  > 

?J?'  /< 

y  , . 

-  9 

•/  •  9 

2!  .'53 

■^2 .  ‘ 

I  0 

1.  i 

a  /  .  ; 

<9. 

t‘r’ 

0. 

2'  2/59 

70  ^  ^ 

2/1v93 

32^; 

12] 

.52 

3 

a/r-'. 

32.  i 

. 

*/;  /53 

33. 

)' 

1.^' 

; 

2  !  •/•■•i 

3?.: 

:  1  9 

9.^ 

2/2J",3 

36.  < 

r 

4 

2' '24 

2?.  ; 

12 

). 

2  2  53 

3^ . 

‘eel  >ar‘'’i'la.  rvi  ‘a- 


retev 


'jleele 


Table  A3  (Contliiued’ 


Date 

Cl 

RI 

RCI 

Site  A, 

Vleksbur/? 

,  Mis 

s.  (Cenfd) 

3/2/53 

34.1 

112 

0.55 

62 

3/5/53 

33.7 

89 

0.34 

30 

3/5/53 

32-9 

95 

0.57 

54 

3/9/53 

32.7 

129 

0.55 

71 

3/*2/53 

34.0 

89 

3/1-/53 

34.2 

38 

0.66 

60 

3/19/53 

34.2 

91 

0.59 

54 

3/23/53 

34.6 

95 

0.40 

38 

3/23/53 

33.9 

101 

0.58 

59 

3/26/53 

33.6 

90 

0.52 

47 

3/30/53 

32.7 

99 

0.62 

61 

4/2/53 

32.0 

121 

0.59 

71 

Site 

7  a  Vlcksbui*#?, 

Miss . 

4/8/52 

29.9 

150 

0.24 

3-* 

4/15/52 

30.5 

152 

0.31 

1*7 

4/22/52 

.37.9 

180 

0.24 

43 

?//# 

30.4 

24.6 

177 

235 

0.29 

51 

5/20/52 

25.' 

254 

5/27/52 

27.5 

171 

0.38 

.5 

6/3/52 

25.2 

IS-I 

7/18/52* 

28.1 

ll*6 

12/5/52 

31.8 

152 

0.1*0 

61 

12/6/52 

30.3 

1//. 

0.29 

48 

12/12/52 

29.3 

181 

0.32 

58 

12/15/52 

27.5 

185 

12/19/52 

28.5 

209 

0.47 

98 

12/22/52 

27.9 

124 

0.42 

52 

iy29/52 

29.7 

30.? 

179 

127 

0.33 

0.66 

59 

84 

i/sfe 

29.1 

178 

0.41 

73 

1/9/53 

30.8 

138 

0.48 

1/12/53 

30.9 

173 

0.43 

74 

1/16/53 

29.6 

195 

1/19/53 

27.9 

134 

0.78 

104 

1/23/53 

30.9 

106 

0.40 

42 

1/26/53 

29.5 

118 

a/l/f 

32.3 

29.9 

147 

160 

0.27 

40 

2/6/53 

30.0 

105 

0.96 

101 

2/9/53 

30.9 

139 

0.39 

54 

2/12/53 

28.6 

103 

0.30 

31 

2/13/53 

29.2 

122 

0.59 

72 

2/16/53 

29.7 

123 

0.48 

59 

2/17/53 

28.9 

148 

0.38 

56 

2/19/53 

28.6 

141 

0.78 

110 

2/21/5'’ 

31.3 

106 

0.38 

1*0 

2/26/53 

30.2 

83 

0.63 

52 

2/27/53 

29.2 

120 

0.20 

24 

3/2/53 

29.5 

121 

0.45 

54 

3/5/53 

27.1 

131 

0.69 

90 

3/6/53 

28.0 

127 

0.32 

4l 

3/9/53 

29.1 

180 

0.1*3 

77 

3/9/53 

27.6 

166 

0.30 

50 

3/12/53 

33.0 

111 

0.57 

63 

3/16/53 

31.-'- 

98 

0.4l 

40 

3/19/53 

29,  C 

110 

0.46 

51 

3/23/53 

31.3 

111 

0.45 

50 

3/26/53 

29.7 

121 

0.1*0 

1*8 

3/2' ./53 

27.5 

110 

0.16 

18 

3/30/53 

26.2 

153 

0.52 

80 

3/30/53 

30,0 

125 

0.1*5 

56 

3/31/53 

29.0 

151 

0,^0 

91 

4/2/53 

31.5 

14^ 

0.35 

51 

Site 

ba  Vicks) 

5ur(!, 

Miss. 

4/6/52 

23.4 

4/15/52 

26.8 

189 

0.-57 

127 

!t/22/52 

23.7 

248 

4/29/52 

25.0 

231* 

0. 74 

173 

Date 

IE, 

Cl 

RI 

RCI 

Site  8,  Vicksburg, 

Miss. 

(Crnf 

liii 

24.1 

29. 

;a4 

2'7.1 
tt).  1* 

160 

162 

0.89 

144 

12/8/52 

2-6.7 

19-6 

0.83 

163 

12/12/52 

2'/. 5 

199 

0.81 

lol 

12/15/52 

25.6 

270 

12/19/52 

25.4 

237 

*2/22/52 

29.2 

I'rtS 

0.95 

35s 

12/29/52 

27.1 

222 

1/2/53 

29.5 

153 

V5/53 

27.1 

188 

1/9/53 

31.1 

UO 

1/12/53 

29.1 

198 

1/16/53 

27.7 

213 

1/19/53 

28.3 

167 

1/23/53 

30.5 

154 

0.79 

122 

1/2-V53 

29.2 

136 

1/30/53 

30.7 

3  50 

2/2/53 

27.1 

221 

2/-V53 

2-..0 

204 

2/9/53 

27.7 

372 

0.64 

2/13/53 

27.1 

202 

170 

2/13/53 

28.8 

119 

0.88 

105 

2/1-753 

2-.. 8 

187 

0.70 

131 

2/17/53 

27.8 

1/3 

0.60 

138 

2/19/53 

28.3 

150 

104 

2/24/53 

28.8 

146 

0.70 

2/2.6/53 

27.2 

166 

3/2/53 

27.9 

164 

3/5/53 

27.3 

171 

0.79 

335 

3/5/53 

26.5 

188 

3/9/53 

26.1* 

196 

3/12/53 

27.5 

142 

3/1-6/53 

29.7 

13- 

0.81 

UO 

3/1-7/53 

28.;. 

122 

0.-  5 

79 

3/19/53 

27.4 

188 

3/23/53 

28.7 

155 

0.91 

141 

3/2^53 

27.1 

153 

3/30/53 

27.2 

18<S 

4/2/53 

25.3 

214 

Site  9.  Klllsvllle.  .’llss. 


7/12/52* 

18.4 

233 

7/15/52* 

1-...8 

252 

7/17/52* 

15.8 

300 

'7/18/52* 

16.9 

287 

1/15/53 

19.0 

272 

0.52 

141 

1/22/53 

20.7 

258 

0.44 

Il4 

1/28/53 

17. -6 

270 

2/5/53 

18.7 

252 

2/11/53 

18,4 

266 

0.69 

237 

2/18/53 

IS.3 

277 

2/27/53 

17.2 

259 

3/11/53 

20.1 

249 

0.30 

75 

3/19/53 

18.0 

24- 

3/24/53 

20.2 

284 

0.1*2 

119 

3/30/53 

16.7 

300 

Site  lOt  Elllsvilic,  Hiss. 


7/12752* 

19.9 

l-'O 

0.7.J 

122 

■’  '1:  752* 

17.8 

300 

7/18/ ?2- 

17.5 

'300 

1/15/53 

24.0 

131 

0.39 

51 

1/22/53 

25.0 

124 

0.48 

■  0 

2/5/53 

2‘'>.2 

157 

0.38 

-0 

2/11/53 

2-^,4 

133 

0.38 

50 

2/18/53 

25.7 

123 

0.35 

43 

2/27/53 

23-4 

144 

0.30 

43 

3/'V53 

24.8 

132 

0.37 

49 

3/11/53 

24.2 

1-  4 

0.20 

33 

{C<~r.tSiuc.l) 


Date  MS,  ''  Cl  RI  Rq 
Site  1'  ,  Uli-aUr,  N'l'--,  (r^nMj) 

3/l3/;)3  2-3.1  11*2  0.34  48 

3/19/53  22.4  177  0.29  51 

3/23/53  23.1  173  0.33  57 

3/30/53  25.3  151  0.25  38 


Site  12,  I.aurel.  Miss. 


7/12/52* 

23.0 

126 

0.80 

101 

•7/14/52* 

21.6 

175 

0.76 

133 

'7/14/52* 

18.8 

228 

7/15/52* 

19.5 

165 

1.39 

229 

7/16/52* 

20.6 

165 

0.64 

10-6 

7/16/52* 

17.2 

250 

144 

7/17/52* 

20.^ 

165 

0.87 

'7/17/52* 

7/18/52* 

18.0 

18.0 

237 

204 

1/13/53 

25.2 

109 

0.51 

56 

1/20/53 

25.3 

108 

0.74 

80 

1/27/53 

25.8 

117 

0.62 

72 

2/3/53 

26.6 

93 

0.78 

72 

2/10/53 

2-.. 6 

89 

0.83 

74 

2/20/53 

26.6 

109 

0.61 

66 

2/25/53 

27.9 

105 

0.72 

'7-6 

3/4/53 

25.9 

103 

0.80 

82 

3/11/53 

26.9 

113 

0.55 

62 

3/12/53 

28. 

104 

0.51 

53 

3/18/53 

27.5 

110 

0.76 

84 

3/25/53 

2'U9 

10-6 

0.68 

■72 

3/30/53 

24.7 

107 

0.68 

73 

Site 

hicldinSa 

Hiss. 

7/24/52* 

38.5 

161 

7/15/52* 

3-' .4 

199 

l.C-s 

211 

7/l-:/52* 

30.5 

300 

'7/17/52* 

32.0 

300 

7/18/52* 

33.9 

300 

1/14/53 

43.6 

136 

1.06 

144 

1/21/53 

38.7 

129 

1.12 

144 

1/27/53 

44.0 

125 

2/10/53 

40.8 

*.09 

1.07 

117 

2/13/53 

40.6 

124 

1.04 

1-^ 

2/26/53 

42.2 

78 

0.93 

72 

3/5/53 

41.3 

100 

0  08 

98 

3/9/53 

40.1 

110 

1.09 

120 

3/12/53 

4l.0 

85 

0.88 

75 

3/16/53 

37.2 

91 

1,18 

107 

3/20/53 

44.4 

116 

0.96 

111 

3/26/53 

40.5 

89 

1.04 

93 

3/30/53 

40.9 

l4o 

1.36 

190 

Site 

14,  Lafayette 

a  llld. 

i2/-;/5i 

24.9 

179 

12/11/51 

24.6 

168 

1/3/52 

26.0 

142 

1/8/52 

24.0 

146 

1/15/52 

25.7 

165 

1/22/52 

27.2 

155 

2/5/52 

2'j.4 

129 

2/13/52 

26.9 

143 

2/21/52 

26.4 

1'j6 

2/2'7/52 

23.5 

188 

3- 5/52 

28.1 

149 

7*12/52 

26.3 

123 

3/19/52 

26.7 

145 

3/2- /52 

25.4 

l46 

4*2/52 

25.0 

200 

4/'//52 

?5.3 

139 

i*/24/52 

27.4 

127 

4/28/52 

24.1 

187 

5/5/52 

24.5 

159 

5/12/52 

26 . 

110 

Table  A3  (Continued) 


1  t 

— ns — 

......  ^ 

.  >  f- 

4^  4 

V^X 

Itx  /\t.x 

L/acc 

l».V  4 

t-x  ni 

site  lb. 

liafavette.  Ind 

.  (Cont'd^  ! 

site  15* 

Lafayette.  Ind. 

(Cont'd) 

Site  If , 

Idt'ayette.  Ind.  (C-'int 

5/19/52 

27.1 

98 

10/28/52 

28.0 

18!. 

4/20/53 

29.1 

132 

5/28/52 

31.1 

101 

0.44 

44 

11/4/52 

28.5 

203 

4/27/53 

27.8 

14]  0.89 

6/it/52 

24.5 

136 

11/12/52 

27.8 

216 

5/4/53 

23.8 

152 

6/11/52 

21.8 

199 

11/19/52 

31.4 

163 

5/11/53 

25. c- 

133 

6/16/52 

25.2 

1C9 

lUO 

11/26/52 

34.4 

142 

6/25/52 

25.4 

12/3/52 

34.1 

115 

Site 

17.  Lafayette,  Ind. 

7/2/52 

20.0 

248 

1 

12/10/52 

34.9 

107 

7/23/52 

18.3 

300 

12/17/52 

33.6 

157 

12/6/51 

139.5 

101  0.32 

8/llt/52 

23.1 

229 

12/22/52 

37.1 

103 

12/13/51 

96.6 

115 

8/20/52 

23.5 

168 

12/29/52 

32.4 

131 

1/17/52 

1/8.0 

78 

8/27/52 

21.7 

230 

1/5/53 

32.4 

136 

1/24/52 

106.3 

98 

9/2/52 

19.8 

246 

1/12/53 

35.3 

153 

2/13/52 

130.6 

S6 

9/10/52 

20.0 

265 

1/19/53 

35.0 

144 

2/25/52 

132.1 

114 

9/17/52 

18.7 

279 

1/26/53 

34.3 

in 

3/3/52 

92.2 

125 

'i/25/52 

23.1 

213 

2/4/53 

33-8 

145 

4/21/52 

75.5 

96 

9/30/52 

20.7 

274 

2/12/53 

34.3 

135 

6/2/52 

40.8 

83 

10/7/52 

20.0 

268 

2/17/53 

34.5 

122 

6/12/52 

71.8 

80 

10/14/52 

19.1 

263 

2/26/53 

35.9 

112 

6/30/52 

115.7 

88 

10/21/52 

23.7 

211 

3/5/53 

32.9 

119 

7/7/52 

63.3 

89 

10/28/52 

21.2 

232 

3/13/53 

33.9 

94 

7/14/52 

94.8 

94 

11/4/52 

23.8 

224 

3/18/53 

31.3 

102 

7/21/52 

89.9 

79 

11/12/52 

22.8 

220 

3/26/53 

35.5 

138 

7/28/52 

90.2 

92 

11/19/52 

25.7 

150 

4/2/53 

34.7 

131 

8/4/52 

144.2 

101 

11/26/52 

28.0 

130 

4/8/53 

35.4 

101 

8/13/52 

60.5 

86 

12/3/52 

25.4 

149 

4/16/53 

34.3 

90 

8/18/52 

69.4 

81 

12/10/52 

25.4 

131 

4/23/53 

35.0 

143 

8/25/52 

53.6 

Pi 

12/17/52 

26.5 

147 

4/30/53 

33.2 

133 

°/3/52 

49.6 

120 

12/22/52 

25.4 

139 

5/7/53 

33.4 

108 

9/15/52 

46.2 

132 

23.2 

24.1 

163 

178 

5/14/53 

30.2 

122 

9/23/52 

10/2/52 

54.0 

53.9 

103 

128 

1/12/53 

27.1 

132 

Site 

16,  lafavette. 

Ind. 

10/8/52 

4u  .4 

150  1.01 

1/19/53 

25.7 

150 

10/16/52 

51.7 

115 

1/26/53 

26.8 

132 

6/5/52 

29.5 

92 

10/23/52 

68.7 

l44 

2/4/53 

27.5 

136 

6/12/52 

29.9 

8!. 

10/29/52 

50.3 

151 

2/12/53 

26.3 

157 

6/l«/52 

29.5 

92 

11/5/52 

47.5 

154 

2/17/53 

25.7 

136 

6/23/52 

30.5 

93 

11/10/52 

73.6 

138 

2/26/53 

26.4 

123 

6/30/52 

25.2 

155 

11/17/52 

71.2 

125 

3/5/53 

28.4 

JU5 

7/7/52 

19.7 

11/24/52 

85.5 

95 

a/13/53 

26.8 

109 

0.55 

60 

8/13/52 

15.6 

257 

,12/1/52 

56.9 

no 

3/19/53 

30.4 

120 

0.40 

48 

8/18/52 

27.0 

131 

12/8/52 

(-6.1 

125 

5/26/55 

26.5 

109 

0.60 

65 

8/25/52 

22.4 

161 

12/15/52 

48.5 

148 

4/2/53 

28.3 

122 

9/3/52 

22. C 

198 

12/33/52 

43.0 

132 

4/8/53 

29.0 

119 

0.61 

73 

9/8/52 

23.0 

236 

3/7/53 

44.9 

129 

4/16/53 

27.5 

100 

9/23/52 

26.5 

149 

1/14/53 

49.1 

138 

4/23/53 

27.0 

139 

145 

0.72 

100 

10/1/52 

24.7 

194 

1/21/53 

44.7 

134 

4/30/53 

25.4 

lC/lO/52 

21.3 

254 

3/27/53 

47.4 

129 

5/7/53 

26.8 

177 

0.69 

122 

lC/15/52 

25.7 

192 

2/2/53 

43.7 

125 

5/14/53 

24.4 

155 

16/2^52 

23.2 

220 

2/9/53 

49.2 

142 

10/29/52 

26.0 

181 

2/16/53 

57.3 

148 

Site 

15,  lafayette 

,  Ind. 

11/5/52 

23.7 

233 

2/23/53 

52.5 

ll4 

11/10/52 

25.C 

193 

5/2/55 

55.3 

154 

4/17/52 

4/21/52 

29.1 

115 

11/1V52 

22 .6 

232 

5/9/55 

58.4 

111 

34.5 

102 

11/24/52 

ri.7 

134 

5/25/55 

52.9 

101 

4/30/52 

32.9 

123 

12/1/52 

28.5 

135 

^7/53 

56.4 

126 

5/5/52 

34.2 

135 

lZ/^/52 

28.4 

I’O 

4/13/53 

55.0 

n4 

5/12/52 

35.2 

108 

12/15/52 

28.8 

152 

‘•/20/53 

62.6 

133 

5/21/52 

35.6 

102 

12/22/52 

2f  .2 

132 

4/?7/53 

57.5 

131 

5/26/52 

37.5 

91 

12/31/52 

27. r 

115 

5/4/53 

50.5 

130 

6/4/52 

32.4 

121 

1/7/53 

29.0 

lie 

5/11/53 

53.0 

140 

6/11/52 

29.2 

111? 

1/14/53 

2C..2 

136 

6/18/52 

31.6 

112 

1 

1/21/53 

29.1 

130 

1  Site  18.  laf 

’ayettc*,  Ind. 

6/25/52 

32.5 

103 

1/27/53 

2.8.5 

114 

7/2/52 

30.1 

162 

2/2/53 

328 

5/21/52 

26 .9 

l4l 

7/9/52 

2^.7 

192 

i 

2/9/53 

2A3 

5/26/52 

25.5 

103 

7/23/52 

24.1 

279 

2/16/53 

26.1 

191 

6/a/52 

2.6.1 

176 

9/5/52 

27. 'i 

204 

/  25/55 

29.3 

122 

6/11/52 

23.6. 

273 

9/10/52 

24.4 

242 

3/2/53 

'  28.8 

U3 

1  6/36/52 

i  6''23/52 

28.6 

109 

9/17/52 

24.5 

263 

V9/53 

,6 

129 

29.5 

132 

9/26/52 

28.2 

135 

5/W,5 

ic.l 

13''  1 

3.65  7C 

1  6/30/52 

23.3 

207 

9/30/52 

30.7 

197 

'/23/55 

113 

:  7 '14/52 

13.2 

100 

10/7/52 

Z!.S 

203 

/30/53 

28.1 

117 

1  P/1  /52 

18. 2 

283 

10/14/52 

24.8 

£35 

V7/53 

28.'. 

110 

P/'-3/52 

26.1 

118 

Tabl^  A3  (f'ontinuQd) 


Date 

MC,  f 

Cl 

RI 

RCI 

Date 

KC^ 

Cl 

RI 

RCI 

Date  1 

'T 

Cl 

RT 

RCI 

..ite  i“n 

Laiayette,  Inu. 

.  V  Coxix 

*  d' 

Site  30* 

7 1 

/  n.w  t. 

A  *^4-  X  ^0 

T.^/1 

) 

'i-ih'i- 

24. i 

199 

4/3/52 

25.9 

158 

0.52 

82 

3/10/53 

25.^. 

242 

9/3/52 

19.6 

238 

4/8/52 

26.7 

153 

0.42 

64 

3/17/53 

26.1 

171 

9/15/52 

20.2 

281. 

4/15/52 

27.3 

98 

0.42 

4l 

3/24/53 

2C.0 

152 

0.40 

61 

9/2lt/52 

21.7 

188 

4/25/52 

26.1 

169 

3/31/53 

28.2 

174 

10/1/52 

21.7 

236 

4/2V52 

24.7 

224 

4A/S3 

26.2 

197 

0.3t 

71 

10/1  (:/52 

24.7 

215 

5/8/52 

22.1 

280 

4/14/53 

285 

10/2li/52 

23.5 

204 

5/13/52 

22.1 

300 

4/21/53 

23.0 

273 

10/30/52 

23.3 

200 

5/23/52 

21.8 

300 

4/28/53 

24.1 

300 

11/6/52 

26.1 

175 

5/27/52 

23.0 

227 

5/5/S  3 

22.9 

'iOO 

11/20/52 

25.7 

la 

f/24/52 

24 .9 

256 

11/28/52 

28.0 

127 

8/10/52 

22.1 

286 

Site  22. 

Ratlid 

City, 

S.  Dal- 

12/l(/52 

26.9 

113 

9/2/52 

20.8 

283 

12/11/52 

28.8 

146 

10/25/'.2 

20.9 

285 

3/29/52 

13.6 

174 

1 .60 

2  68 

12/18/52 

28.6 

159 

12/4/32 

24 .6 

161 

0.61 

98 

4/5/52 

15.2 

172 

1.10 

189 

12/30/52 

28.5 

130 

12/11/52 

25.2 

142 

4/12/52 

13.5 

174 

1/7/53 

27.5 

159 

12/18/52 

24.7 

IS-.’ 

4/19/52 

16.1 

101 

1/15/53 

30.0 

143 

12/23/52 

25.2 

170 

4/25/52 

13-8 

171 

1/22/53 

29.1 

170 

12/30/52 

23-5 

182 

5/17/52 

12.4 

227 

1/28/53 

28.3 

151 

1/8/53 

24 .6 

149 

5/31/52 

23.7 

39 

C.>36 

76 

2/5/53 

28.1 

157 

1/15/53 

24.8 

166 

6/9/52 

21.4 

114 

0.38 

43 

2/11/53 

29.0 

142 

1/22/53 

24.4 

164 

6/16/52 

15.9 

142 

2/18/53 

23.4 

165 

1/29/53 

24.8 

l9o 

0.46 

33 

6/23/52 

13.2 

190 

2/25/53 

28.9 

149 

2/12/53 

25.2 

156 

6/30/52 

19.0 

125 

3/it/53 

28.6 

129 

a/19/53 

25.4 

181. 

0.55 

101 

7/'/'/52 

14.1 

172 

3/11/53 

28.9 

136 

2/24/53 

24.6 

190 

7/14/52 

19.0 

134 

3/25/53 

29.6 

175 

3/3/53 

26.3 

138 

7/21/52 

l4.1 

185 

4/1/53 

28.9 

137 

3/10/53 

25.3 

145 

0.52 

75 

7/28/52 

10.9 

241. 

4/9/53 

28.4 

171 

3/17/53 

27.0 

135 

0.41. 

59 

4/15/53 

28.5 

169 

3/24/53 

26.0 

108 

Site  23. 

Rapid  City, 

S.  DaK. 

4/22/53 

27.2 

180 

0.77 

139 

3/31/53 

26.1 

103 

C.36 

37 

4/29/53 

27-3 

182 

4/6/53 

29.1 

101 

3/1/52 

20.4 

300 

5/6/53 

25.7 

225 

4/14/53 

27.3 

138 

0.59 

81 

3/29/52 

24.4 

122 

5/13/53 

24.8 

233 

4/21/53 

25.5 

157 

4/5/52 

27.7 

158 

4/28/53 

25-3 

172 

0.37 

61. 

4/12/52 

26.2 

137 

Site 

1  19,  lafayette 

,  Ird. 

5/5/53 

24.8 

168 

4/19/52 

26.7 

I3l 

5/12/53 

23.4 

292 

4/26/52 

23.5 

186- 

12/7/51 

30.4 

173 

5/3/52 

21.4 

268 

12/13/51 

29.8 

174 

1  Site  21,  Attica, 

Ind. 

5/17/52 

21.9 

251 

3/10/52 

32,8 

143 

5/23/52 

30.7 

98 

6/30/52 

30.6 

150 

12/5/51 

25.2 

229 

1 

5/31/52 

23.4 

131 

7/16/52 

27.3 

183 

12/12/51 

24.1 

225 

6/9/52 

23.1 

195 

7/23/52 

27.2 

214 

1/2/52 

27.6 

172 

6/16/52 

20.2 

300 

7/31/52 

21.2 

300 

! 

1/10/52 

26.4 

217 

6/30/52 

24.2 

107 

8/6/52 

21.9 

300 

1/16/52 

24.9 

240 

7/7/52 

23.5 

227 

8/14/52 

27.7 

164 

1/23/52 

25.4 

214 

7/14/52 

27.5 

105 

8/20/52 

24.3 

197 

2/7/52 

28.4 

149 

7/21/52 

25.2 

228 

8/27/52 

25.3 

237 

2/12/52 

24.8 

164 

9/3/52 

27.0 

243 

! 

2/19/52 

25.0 

214 

Site  24, 

Rapid  City, 

S.  Dak. 

9/10/52 

24.4 

255 

2/26/52 

24.6 

231 

9/17/52 

25.0 

300 

3/4/52 

26.1 

178 

4/5/52 

21.7 

221 

9/24/52 

25.3 

200 

3/U/52 

27.1 

11.3 

0.49 

70 

4/12/52 

21.9 

253 

10/2/52 

26.3 

215 

3/18/52 

25.3 

159 

4/19/52 

20.2 

265 

10/8/52 

25.8 

252 

3/25/52 

26.3 

171 

5/24/52 

22.8 

157 

0.74 

lie 

10/16/52 

29.2 

187 

4/3/52 

23.2 

230 

5/31/52 

21.2 

240 

10/30/52 

23.9 

193 

4/8/52 

25.3 

201 

6/30/52 

20.5 

228 

11/6/52 

27.8 

212 

4/15/52 

26.0 

133 

11/13/52 

26.4 

202 

4/25/52 

25.0 

136 

Site  25, 

Rapid  City, 

S.  Dak. 

5/23/52 

21.6 

285 

site  20,  Brazil, 

Ind. 

8/19/52 

21.0 

300 

3/29/52 

16.6 

206 

11/20/52 

23.7 

276 

4/5/52 

16.8 

175 

12/5/51 

28.8 

156 

11/25/52 

26.3 

234 

4/12/52 

16.8 

reo 

12/12/51 

24.8 

188 

0.46 

86 

12/4/52 

25.9 

202 

4/19/52 

17.2 

171 

1/2/52 

2*?.  6 

132 

0.42 

55 

12/11/52 

24.0 

267 

4/26/52 

15.3 

200 

1/10/52 

26.2 

17“ 

0.40 

72 

12/18/52 

23.6 

266 

5/3/52 

11.3 

208 

1/16/52 

27.4 

145 

0.50 

72 

12/23/52 

24.1. 

205 

5/10/52 

10.5 

249 

1/23/52 

25.6 

165 

12/30/52 

23.3 

283 

5/17/52 

16.4 

186 

2/7/52 

27.5 

126 

0.40 

50 

1/8/53 

25.3 

210 

5/24/52 

23.7 

120 

0.72 

86 

2/12/52 

24.9 

178 

0.48 

85 

1/15/53 

23.9 

229 

5/31/52 

21.5 

136 

0.86 

117 

2/19/52 

25.4 

205 

0.45 

92 

1/22/53 

24.2 

251 

6/9/52 

21.5 

158 

2/26/52 

24.9 

202 

0.61 

123 

1/29, >'53 

25.0 

233 

6/16/52 

16.1 

146 

3/4/52 

30.3 

125 

2/12/53 

25.1 

215 

6/23/52 

14.2 

205 

3/11/52 

26.7 

167 

0.48 

80 

2/19/53 

24.7 

268 

6/30/52 

19.5 

160 

3/18/52 

27.0 

113 

2/24/53 

24.9 

244 

7/7/52 

17.1 

170 

3/25/52 

27.2 

135 

0.43 

58 

( Continued) 

(4  of 

11  sheets) 

iaoK*  Aj  (continuea) 


Date 

Kcrr 

Cl 

RCI  1 

Date 

MC,  C 

Cl 

RI 

RCI  1 

Lat  - 

KCI 

Site  25, 

,  Raiiid  City, 

3.  Dak. 

Site  28, 

Lincoln, 

Kebr. 

(ContM) 

rite  30,  Colur,bla 

,  3.  0, 

.  (Coni 

'’1? 

(Cont'd) 

11/17/52 

22.2 

239 

12/8/52 

27.0 

220 

0.67 

]li7 

7/1I1/52 

17  .0 

167 

12/13/52 

22.7 

226 

12/16/42 

23.7 

259 

0.76 

197 

7/21/52 

13.5 

201. 

12/17/52 

2'*  .4 

237 

1.20 

281. 

7/28/52 

10.2 

255 

Cite 

29,  Valparaiso. 

,  Kebr 

12/18/52 

2?.  3 

21.8 

12/19/52 

?li.3 

278 

O.c-O 

250 

Site 

20,  Lincoln, 

Kebr. 

2/16/52 

26.1. 

213 

12/23/52 

26. i 

219 

0.72 

158 

2/23/52 

30.2 

75 

12/30/52 

21*.  1. 

25'. 

0.63 

160 

2/9/52 

29.0 

213 

0.68 

ll*5 

3/1/52 

33-0 

130 

O.O3 

121 

2/16/52 

32.1 

11.8 

0.67 

99 

V8/52 

27.8 

150 

Site 

31,  Columbia, 

S.  c. 

2/23/52 

31.'- 

17I. 

3/15/52 

30.2 

156 

3/1/52 

31.5 

158 

</2c./42 

32.2 

111. 

12/23/'  1 

28.4 

156 

0.72 

112 

3/8/52 

33.1 

203 

'./5/52 

32.2 

121 

1/7/52 

27.7 

150 

0.70 

105 

3/15/52 

31*  .6 

1I.7 

I./I2/52 

3h.o 

ti9 

l/l'‘/52 

28.0 

176 

0.76 

13'* 

3/29/52 

30.9 

133 

1./19/52 

30.7 

109 

1/23/52 

23.2 

11.8 

0.69 

102 

'./5/52 

'i3.1 

152 

1./26/52 

32.6 

81. 

0.68 

57 

1/29/52 

2?. 5 

153 

0.72 

ll't 

I1/12/52 

Vj.U 

102 

5/3/52 

30.0 

100 

0.9I* 

01. 

2/5/52 

30.6 

17'. 

0.60 

lO't 

V19/52 

3'*.  3 

109 

0.67 

73 

5/10/52 

28.7 

151 

0.81. 

127 

2/12/52 

23,1 

1.  0 

0.7'. 

llS 

V26/52 

3'' .7 

109 

0.75 

82 

5/17/52 

26.8 

159 

2/18/52 

20.5 

150 

5/3/52 

30. 6 

lUl 

0.72 

102 

5/21./52 

29.9 

117 

0.71 

83 

2/25/52 

23.0 

165 

0.69 

11'* 

5/10/52 

25.5 

21.1. 

5/31/52 

27.0 

171. 

0.86 

150 

3.'l2/52 

31.8 

158 

0.82 

130 

5/17/52 

28.1. 

1S2 

0.81. 

153 

6/7/52 

21*.  5 

175 

3/20/52 

31.0 

151 

0.73 

110 

5/2lt/52 

30.3 

131. 

0.71 

95 

6/21/52 

17.C 

286 

0.67 

192 

I./1./52 

28.9 

11.6 

0.7'* 

108 

5/31/52 

29.2 

179 

0.68 

122 

6/28/52 

28.3 

120 

0.85 

IOC 

l‘/7/52 

27.3 

161 

0.71* 

119 

6/21/52 

23.7 

201 

0.86 

173 

7/5/52 

25.1* 

163 

0.82 

13** 

I1/II./52 

27.9 

178 

0,76 

135 

6/28/52 

31.2 

131. 

0.78 

lOh 

7/12/52 

20.6 

251 

4/21/52 

26.7 

212 

0.91. 

199 

7/5/52 

25.2 

208 

7/19/52 

20.1. 

208 

0.77 

ifo 

It/28/52 

28.5 

161. 

0.(7 

no 

7/10/52 

29.9 

159 

0.80 

127 

8/16/52 

18.6 

21*9 

0.83 

207 

5/6/52 

5/13/52 

24.5 

222 

li/29/52 

2li.3 

300 

3/30/52 

20.2 

232 

2I..O 

215 

0.95 

20'. 

12/6/52 

26.. 3 

21.8 

11/17/52 

17.5 

kOO 

5/19/52 

23.8 

281 

12/13/52 

30.5 

170 

0.83 

llil 

5/28/52 

27.0 

191 

0.78 

11.0 

12/22/52 

31.6 

112 

0.76 

35 

Site 

^0,  C6^1a’’.bIa, 

S.  C. 

6/3/52 

2!..l 

267 

1 .06 

283 

12/23/52 

31.9 

120 

0.71 

85 

6/10/52 

26.8 

226 

0.91* 

212 

12/29/51 

50.2 

16c. 

C.7U 

125 

6/17/52 

25.5 

197 

O.7I1 

11.6 

Site 

27.  Linooln, 

Kobr. 

1/V52 

29.0 

193 

C/2I./52 

26.0 

182 

0.82 

li*9 

1/11/52 

30.0 

163 

o.f  H 

ni 

7/1/52 

23.1. 

251 

0.61. 

161 

2/16/52 

28.2 

203 

l/l3/f2 

29.6 

176 

0.82 

iiii* 

7/15/52 

22.3 

300 

2/23/52 

26.7 

269 

1/25/52 

28.5 

171 

0.67 

115 

8/5/52 

2!t.2 

126 

0.75 

o'* 

3/1/52 

28.7 

221 

2/1/52 

32.1. 

170 

0.70 

119 

8/12/52 

26.2 

11*5 

0.68 

99 

3/8/52 

21.  .0 

263 

2/8/52 

50.0 

178 

C.93 

166 

8/19/52 

26.7 

136 

0.87 

118 

3/15/52 

29.6 

173 

2/15/52 

30.6 

15'. 

0.83 

128 

8/26/52 

25.3 

165 

0.89 

2l*7 

3/29/52 

31.3 

152 

2/21/52 

29.8 

167 

0.81. 

II.O 

9/3/52 

25.6 

13a 

0.77 

102 

W52 

27.1 

189 

2/26/52 

32.9 

177 

0.73 

129 

0/10/52 

23.7 

189 

1 .07 

202 

4/12/52 

32.8 

72 

3/V52 

31.8 

133 

0.61. 

85 

9/2'‘/52 

21*. 5 

136 

0.82 

112 

V19/52 

29.9 

11*1. 

O.5I* 

78 

3/19/52 

33.2 

121 

0.82 

99 

10/10/52 

22.5 

202 

0.72 

l't5 

I1/26/52 

29.5 

131 

0.55 

72 

3/31/52 

36.0 

95 

0.68 

65 

10/15/52 

22.9 

206 

0.53 

109 

5/3/52 

27.6 

157 

0.57 

90 

W52 

35.6 

121 

0.71 

86 

10/22/52 

22.7 

227 

5/10/52 

25.0 

267 

0.90 

21.0 

V1V52 

V22/52 

31.2 

151 

0.82 

121. 

11/26/52 

21*  .7 

177 

0.93 

165 

5/17/52 

23.9 

I9I. 

28.0 

225 

0.85 

191 

12/3/52 

24.1 

166 

0.73 

121 

5/2V52 

22.7 

238 

0.68 

162 

1./28/52 

30.2 

165 

0.76 

125 

12/10/52 

25.1* 

11.6 

0.73 

107 

5/31/52 

23-5 

225 

5/5/52 

31.5 

195 

1.01 

197 

12/16/52 

21*. 1 

158 

12/13/52 

25.2 

177 

0.82 

145 

5/15/52 

28.0 

212 

12/17/52 

22.8 

11.1. 

0.83 

120 

5/20/52 

29.'. 

168 

0.80 

13'. 

12/18/52 

25 .9 

192 

0.87 

167 

Site  28,  Lincoln 

,  Hsbr 

5/25/52 

28.9 

185 

0.9'* 

171. 

12/19/52 

2't.5 

151. 

1.02 

157 

6/3/52 

25.7 

193 

0.89 

17? 

12/23/52 

2't.5 

11.1 

0.55 

78 

2/9/52 

23.0 

283 

6/10/52 

23.6 

235 

’ 

12/30/52 

27.1* 

11*5 

0.59 

86 

2/16/52 

23.1. 

272 

6/17/52 

22.3 

300 

2/23/52 

21.  .2 

177 

6/2I./52 

2I..3 

221 

0.87 

192 

Site 

32,  Columbia, 

s.  c. 

3/1/52 

27.9 

18c 

7/1/52 

23.5 

296 

3/8/52 

23.8 

259 

7/15/52 

22.3 

270 

12/28/5: 

31.2 

195 

3/15/52 

2I1.9 

200 

8/5/52 

21*  .0 

272 

0.76 

207 

1/9/52 

28.1* 

202 

3/29/52 

V5/52 

26.1 

11*5 

8/12/52 

25-7 

218 

0.65 

1I.2 

1/16/52 

32.0 

163 

21.  .7 

139 

8/19/52 

20.3 

292 

1/23/52 

35.6 

181 

I1/12/52 

26.7 

ll*0 

9/2/52 

28. U 

216 

0.7I* 

160 

1/29/52 

28.4 

173 

0.(7 

119 

V19/52 

25.7 

111. 

9/9/52 

25.1 

221 

0.81. 

186 

2/11/52 

32.2 

197 

V26/52 

25.8 

11.1. 

0.81 

117 

9/22/52 

26.7 

172 

O.Cl 

105 

2/10/52 

32.'* 

100 

5/3/52 

23-9 

ll*7 

0.82 

120 

9/20/52 

23.8 

251. 

0.78 

198 

2/27/52 

28.0 

178 

5/10/49 

239 

0.90 

215 

10/6/52 

22.7 

3001- 

1.07 

321+ 

5/7/52 

31.6 

181. 

5/17/52 

,9 

128 

0.78 

100 

10/13/52 

22.1* 

256 

0.62 

159 

5/12/52 

29.6 

190 

5/2V52 

25.6 

153 

0.73 

112 

10/21/52 

20.5 

291 

3/21/52 

30.3 

181 

5/31/52 

23.8 

155 

0.97 

150 

10/28/52 

22.0 

289 

3/26/52 

28.lt 

191 

6/28/52 

7/5/52 

22.1 

175 

0.90 

158 

11/18/52 

21.1 

283 

'./•'•/5a 

33.7 

190 

21.0 

300 

0.92 

276 

11/25/52 

25.5 

251 

0.80 

201 

4/5/52 

29.6 

205 

7/26/52 

20.6 

300 

0.83 

2l*9 

12/3/52 

25.5 

238 

0.65 

155 

Vi3/42 

26.7 

?91 
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Table  A3  (Continued) 


Date 

MC,  ?■ 

Cl 

BI 

RCI  I 

1  Date 

MC.  % 

Cl 

RI 

RCI  1 

Date  MC,  7 

Cl 

RI 

RCI 

Site  ^2, 

Columbia 

,  S.  C, 

,  (Crnt'd) 

Site  33,  Coliaibla 

,  S.  C.  (Cont'd) 

Site  35,  Colmbia 

,  s. 

C.  (Cont'd) 

!</22/5S 

30.1 

280 

2/6/53 

23.2 

122 

6/4/52 

15.1 

286 

V29/52 

36.9 

196 

2/13/53 

2/19/53 

24.6 

116 

6/11/52 

15.6 

269 

5/C/52 

28.6 

254 

26.5 

122 

8/6/52 

16.0 

266 

V17/52 

27.6 

300 

2/27/53 

30.7 

99 

8/12/52 

15.4 

230 

1.00 

280 

29.5 

202 

8/19/52 

16.1 

300 

0.33 

99 

6/U/t,2 

29.1 

246 

Site  34,  Carlisle, 

S.  C. 

0/24/52 

15.8 

21.4 

6/11/52 

30.8 

199 

1  11/26/52 

16.1 

27P 

6/2V52 

27.5 

300 

12/28/51 

43.9 

76 

1.59 

121 

12/3/52 

15.8 

284 

BA-/52 

29.9 

289 

1/2/52 

41.6 

77 

1.11 

86 

12/16/52 

18.9 

274 

8/1 V52 

31.6 

174 

1/9/52 

39-0 

87 

12/17/52 

18.4 

257 

0.78 

200 

8/27/52 

27.  ii 

221 

1/16/52 

43.3 

62 

2.01 

125 

12/18/52 

15.8 

261 

9/3/52 

35. •* 

206 

1/24/52 

39.6 

32 

l.l4 

Oh 

12/19/52 

17.2 

264 

0.83 

219 

9/10/52 

26.4 

272 

1/30/52 

46.0 

81 

0.76 

62 

12/23/52 

17.1 

262 

9/17/52 

26.8 

241. 

2/6/‘ 2 

38.7 

V23/52 

30.3 

179 

2/13/52 

40.7 

85 

!  Site  ;^8,  i;acop:doches,  Tex. 

10/10/52 

26.5 

255 

2/20/52 

45.4 

96 

10/15/52 

26.2 

274 

2/29/52 

44.2 

73 

5/11/53 

12.2 

111 

10/22/52 

26.it 

300+ 

3/5/52 

47.4 

65 

6/1/53 

10.1 

143 

10/29/52 

.26.5 

300+ 

3/11/52 

44 .7 

75 

1.09 

32 

6/8/53 

8.0 

150 

12/3/52 

29.9 

258 

3/19/52 

43.3 

70 

1-99 

139 

6/15/53 

8.0 

160 

12/11/52 

29.4 

228 

3/25/52 

46.6 

73 

1.71 

125 

6/21/53 

5.5 

236 

12/17/52 

30.5 

230 

4/2/52 

41.8 

83 

0.96 

80 

7/6/53 

8.5 

164 

1^18/52 

26.2 

240 

4/8/52 

37.1 

139 

1.18 

164 

7/13/53 

6.4 

215 

12/19/52 

27.5 

228 

4/16/52 

38.7 

103 

1.06 

109 

12/23/52 

28.1 

217 

0.68 

148 

4/23/52 

32.1 

181 

Site  39 

,  Poplar  Bluff,  Mo. 

4/30/52 

35.5 

173 

1.17 

202 

Site  33*  Columbia, 

s.  c. 

5/14/52 

40.2 

188 

0.99 

186 

12/15/52 

24.9 

127 

5/28/52 

45.5 

83 

1.07 

94 

12/22/52 

23.4 

101 

2/22/52 

26.7 

160 

6/2/52 

42.9 

121 

1.22 

148 

12/29/52 

23.2 

177 

3/7/52 

26.4 

128 

6/9/52 

37.9 

134 

1.15 

154 

3/5/53 

23.8 

123 

3/l't/52 

26.6 

139 

0.49 

68 

6/16/52 

38.5 

188 

1.25 

235 

1/12/53 

24.1 

139 

3/22/52 

27.1 

172 

6/23/52 

3'».7 

24o 

1.09 

262 

3/19/53 

27.3 

38 

0.61 

54 

3/28/52 

30.0 

138 

6/30/52 

33.0 

300 

3/26/53 

24.9 

106 

0.58 

62 

W52 

25.7 

149 

7/14/52 

31.5 

235 

1.07 

252 

2/2/53 

24.-' 

105 

V9/52 

25.1 

144 

8/4/52 

34.1 

300 

1.00 

300 

2/9/53 

24.6 

95 

V18/52 

26.5 

192 

8/11/52 

38.4 

145 

1.02 

148 

2/16/53 

25.3 

99 

0.70 

69 

V25/52 

29.1 

155 

8/19/52 

36.8 

210 

1.11 

233 

2/23/53 

28.8 

83 

0.58 

48 

V29/52 

27.0 

166 

8/25/52 

36.6 

206 

1.18 

243 

3/2/53 

28.5 

65 

0.57 

37 

5/9/52 

22.3 

245 

9/1/52 

*<3.1 

155 

1.20 

186 

3/9/53 

26.5 

72 

0.60 

43 

5/23/52 

20.2 

280 

9/8/52 

40.2 

l4l 

1.28 

180 

3/16/53 

27.1 

62 

0.61 

38 

5/30/52 

27.0 

l4l 

0.90 

127 

9/18/52 

35.1 

212 

3/23/53 

27.0 

60 

0.60 

36 

6/I./52 

23.6 

173 

9/26/52 

38.4 

160 

*</2/53 

25.5 

95 

0.62 

59 

6/12/52 

27.1 

151 

i 

10/2/52 

36.9 

215 

1.05 

226 

*</7/53 

28.3 

77 

0.59 

45 

6/18/52 

24.5 

195 

10/7/52 

31.4 

300 

*</l3/53 

27.9 

73 

0.66 

48 

t/25/52 

20.2 

235 

10/14/52 

37.0 

228 

4/20/53 

29.4 

81 

0.59 

48 

8/6/52 

20.9 

203 

10/20/52 

33.6 

255 

4/27/53 

22.8 

79 

0.67 

53 

P/13/52 

24.8 

143 

10/27/52 

31-5 

273 

5/i</53 

24.5 

97 

0.62 

60 

8/20/52 

26.5 

146 

11/13/52 

32.3 

300 

5/12/53 

27.7 

81 

0.61 

49 

8/27/52 

21.1 

189 

11/17/52 

31.8 

300 

5/18/53 

27.6 

66 

0.63 

42 

9/3/52 

27.2 

160 

11/24/52 

34.6 

288 

5/25/53 

20.7 

97 

0.61 

59 

9/10/52 

21.6 

230 

12/9/52 

37.1 

203 

6/1/53 

20.0 

186 

9/17/52 

21.3 

181 

12/15/52 

36.4 

233 

9/2^52 

24.5 

142 

0.94 

12/16/52 

40.1 

259 

Site 

4l,  Marianna,  Fla. 

9/29/52 

20.4 

172 

162 

12/17/52 

55-1 

201 

10/6/52 

22.8 

286 

12/23/52 

38.3 

193 

1,20 

232 

8/18/54 

3.6 

277 

10/15/52 

22.2 

235 

8/23/54 

3.9 

300 

10/21/52 

21.6 

291 

Site 

35*  Columbia 

,  S.  C 

8/27/54 

5.8 

188 

10/28/52 

20.5 

300 

8/30/54  • 

4.0 

214 

ll/'t/52 

11/12/52 

81-3 

21.6 

300 

300 

12/31/51 

1/14/52 

17.0 

17-9 

215 

243 

8/31/54 

9/10/54 

5.0 

5.8 

207 

26l 

11/25/52 

22.7 

293 

1/23/52 

17.9 

226 

0.31 

70 

9/17/54 

5.9 

185 

12/3/52 

21.2 

300 

1/29/52 

17.2 

198 

1.40 

277 

9/20/54 

4.8 

192 

12/11/52 

23.0 

223 

2/5/52 

17.3 

212 

0.54 

114 

9/22/54 

6.2 

216 

12/16/52 

18.7 

223 

2/12/52 

16.1 

283 

0.58 

164 

9/24/54 

5.6 

229 

12/17/52 

20.5 

227 

2/18/52 

16.0 

269 

9/27/54 

6.6 

191 

12/18/52 

20.4 

215 

2/25/52 

17.2 

288 

0.80 

230 

10/4/54 

5.0 

230 

12/19/52 

18.8 

231 

3/7/52 

18.0 

275 

12/23/52 

20.0 

176 

0.75 

132 

3/12/52 

17.4 

276 

1.01 

279 

1  Site  h7.  Union, 

,  s.  c. 

12/30/52 

22.6 

223 

3/20/52 

16.3 

281 

0.44 

124 

1/10/53 

29.8 

147 

3/26/52 

16.4 

233 

0.96 

224 

3/25/53 

21.6 

167 

0.86 

144 

1/16/53 

26.9 

155 

1 

VV52 

17.5 

2I.6 

0.25 

62 

3/31/53 

I8.3 

225 

0.78 

176 

1/21/53 

22.4 

190 

4/7/52 

16.2 

279 

5/1/53 

21.6 

224 

0.81 

181 

l/29/‘'’3 

26.5 

120 

4/29/52 

16.2 

202 

0.62 

125 

12/8/53 

19.6 

221 

0.74 

164 

(Continued)  (6  of  11  sheets) 


Tabic  A3  (Contlnueu; 


Date 

MC .  'll  Cl 

Site  47, 

Union  S.  C. 

( Cont'd) 

12/10/53 

1/25/54 

23.1  197 
22.4  187 

0.74 

0.59 

146 

110 

site  48.  Union, 

S.  C. 

* 

3/25/53 

3/31/53 

5/1/53 

12/8/53 

12/10/53 

1/25/54 

27.5  193 
26.1  249 

24.4  263 
23 .0  23l 

22.5  221 
24".  9  2l4 

000000 

172 

224 

221 

219 

157 

175 

RT  RCI 


Site  51,  Glendera,  Calif. 


‘•/8/53 

l*/8/53 

'./lV53 

U/15/53 

V21/53 

V21/53 

V2V53 

i»/2V53 

U/25/53 

‘t/30/53 

li/30/53 

5/lt/53 

5/li/53 

6/1/53 

6/1/53 

6/8/53 

6/8/53 

6/15/53 

6/15/53 

6/22/53 

6/22/53 

7/1/53 

1/Uyi 

7/5/53 

7/5/53 

7/l!?/53 

7/12/53 

7/19/53 

7/19/53 

'l/t6/53 

7/26/53 

8/2/53 

8/2/53 

3/9/53 

8/9/53 


15.7 

17.9 
1^.6 
lU.2 
17.lt 
15. It 

15.9 

16.8 

18.7 

17.1 
18.6 

17.8 

16.6 

17.7 
13-0 

10.1 
12.3 
12.lt 
12.5 

6.6 

13.1 

9.6 

7.7 

6.1 


93 
■78 
82 
100 

103  3 -Oil  313 

85 

77  It.  15  320 


7lt 

68 

82 

6l 

72 

111 

59 

123 

lli8 

87 

158 

107 

206 

15lt 

153 

l8l 

261t 


1.67  lilt 
2.69  221 


Site  58, 


3/5/53 

3/13/53 

3/20/53 

3/27/53 

‘t/3/53 

lt/13/53 

it/2?/53 

it/30/53 

5/11/53 

5/28/53 


7.0 

222 

6.9 

194 

6.7 

212 

10,4 

216 

4.6 

284 

10.5 

183 

5.0 

280 

8.8 

192 

9.6 

143 

6.6 

269 

8.7 

269 

6.6 

254 

.  state  ColleKC,  H 

'  30.1 

136 

29.8 

124 

1.07 

29.6 

131 

1.13 

30.3 

135 

1.15 

29.2 

165 

1.00 

28.8 

149 

1.12 

27.0 

162 

1.10 

30.7 

130 

1.06 

29.8 

156 

1.05 

24.8 

228 

1.01 

Site  60.  Coahoeton.  Ctilo  (Cont'd)- 


3/22/53 

3/2lt/53 

3/28/53 

lt/2/53 

U/22/53 

!t/2''/53 

5/7/53 

5/8/53 


Hiss. 


155 


Site  60,  Coshocton,  Chlo 


23.2 
2lt.7 
25.lt 
2lt.5 
23.8 

23.3 
2U.6 
21.9 


136 

136 

97 

158 

156 

lli2 

lli8 

1U7 


0.59 

0.59 

0.67 

0.71 

0.73 

0.68 

0.59 

0.64 


22.4 

■25.3 

23.9 

24.1 

23.2 
24.7 

22.2 

24.7 


171 

134 

116 

136 

133 

207 

142 

161 


0.77 

0.60 

0.61 

0.72 

0.70 

O.di 

0.61 

0.43 


132 

SO 

71 

98 

93 

132 

87 

69 


Site  61,  Coshocton.  Ohio 


2/12/53 

2/24/53 

2/25/53 

2/27/53 

3/11/53 

3/12/53 

3/15/53 

3/16/53 

3/17/53 

3/19/-53 

3/20/53 

3/21/53 

3/22/53 

3/24/53 

4/2/53 

4/15/53 

4/22/53 

4/24/53 

4/28/53 

4/29/53 

5/8/53 


26.9 

24.0 

23.3 

24.4- 

25.6 

26.3 

■25.2 

24.6 

24.3 

25.4 

24.3 

24.1 

25.4 
26.9 
26.3 

24.6 

26.2 

23.5 

23-6 

24.7 

27.6 


*96 

Il4 

99 

123 

101 

98 

106 
113 
105 
118 
103 

127 
129 

128 

107 
126 
137 

175 

134 

128 

157 


0.74 

0.68 

0.77 

0.79 

0.57 

0.74 

0.81 

0.75 

0.68 

0.60 

0.70 

O.Sit 

0.74 

0.66 

0.56 

0.83 

0.45 

0.71 

0.68 

0.78 

0.61 


71 
78 
76 
97 

58 

72 
86 
85 
71 

71 

72 
107 
96 
8u 
60 
105 
62 
124 

91 

100 

96 


Cate  _  KC.  %  Cl  81. 


Site  62.  Kast  Lansing.  Mich. 


3/22/53 

3/22/53 

3/27/53 

3/27/53 

4/3/53 

4/3/53 

4/11/53 

5/1/53 

5/15/53 

6/2/53 

6/17/53 


10/27/52 

1/4/53 

4/1/53 

4/8/53 

4/15/53 

4/22/53 

5/6/53 

5/13/53 

5/22/53 

6/16/53 

7/7/53 

7/28/53 


22.0 

192 

23.8 

205 

18.9 

181 

20.1 

184 

18.1 

188 

17.0 

185 

19-1 

202 

18.6 

205 

16.3 

215 

13.1 

250 

10.5 

261 

Priest  River,  idahe 

39.5 

118 

0.49 

45.4 

117 

0.20 

43.0 

119 

0.33 

45.4 

99 

0.24 

40.4 

104 

0.13 

35.9 

136 

0.51 

38.8 

119 

0.48 

41.5 

132 

0.43 

40.6 

159 

0.46 

45.5 

134 

0.46 

35.3 

206 

0.67 

54.3 

106 

0.25 

Site  71.  Crossett,  ArK. 


80 

80 

65 

112 

ll4 

97 

87 

94 


4/28/53 

4/28/53 

WI6/53 

1/2/54 

1/7/54 

1/14M 

2'15/54 

^25/54 

3/2/54 

3/15/54 


28.6 
31.7 
22.5 

25.3 

23.4 
24.2 

22.5 
23.4 

23.4 

22 .6  cw.. 
(Continued) 


I3I1 

99 

175 

l4l 

208 
165 

209 
154 
167 

204 


0.l4 

0.l4 

0.27 

0.45 

0.52 

0.40 

0.49 

0.47 

0.54 

0.49 


Site  72,  Crossett.  ArK 


5/1/53 

1/14/54 

2/1/54 

2/4/54 

2/15/54 

2/25/54 

3/2/54 

3/16/54 


53 

23 

39 

24 

19 

69 

57 

57 

73 

62 

138 

26 


6/6/53 

I1/2I 


11/24753 

2/5,3 


12/2/53 

12/14/53 

12/21/53 

1/7/54 

1/14/54 

2/1/54 

2/15/54 

2/25/54 

3A/54 

3/17/54 


26.6 

154  ' 

26.4 

195 

28.4 

119 

28.2 

130 

26.7 

170 

28.0 

138 

26.2 

164 

24.9 

213 

74.  Crossett, 

39.7 

50 

25.1 

186 

25.3 

249 

28.6 

132 

27.2 

136 

29.7 

97 

32.8 

63 

32,6 

101 

29.9 

113 

33.2 

65 

32.3 

136 

31.4 

102 

0.11 

0.17 

0.l4 

0.16 

0.15 

0.15 

0.15 

0.24 


17 

33 

17 

21 

26’ 

21 

25 

51 


0.40 

0.36 

0.38 

0.38 

0.44 

0.48 

0.34 

0.38 

0.41 


53 

49 

37 

24 

44 

54 
22 
52 
42 


Site  75.  Crossett.  Ark. 


5/7/53 

5/7/53 

12/21/53 

1/7/54 

1/14/54 

2/1/54 

2/lt/54 

2/15/54 

2/25/54 

3A/54 

3/16/54 


20.9 

19.5 

17.2 

20.5 

25.2 
20.9 
20.1 

17.2 
20.5 
18.2 
18.1 


239 

205 

229 

205 

158 

175 

115 

161 

226 

216 

300 


Site  76.  Tl.leras; 


H.  Hex. 


10/27/53* 

10/27/53* 

10/29/53* 

10/29/53* 

li,/2/53» 

11/2/53* 

llA/53'' 

llA/53* 

11/12/53 

11/12/53 

2/19/54 

2/23/54 

2/23/54 

3/19/54 


24.1 

26.3 

23.0 

24.2 

20.8 

22.7 
19.9 

22.3 

21.5 

23.3 

18.5 

20.2 

21.8 

18.4 
18.7 
16.2 

17.6 

18.7 


86 

101 

112 

96 

138 

132 

143 

186 

156 

164 

253 

l82 

223 

202 

178 

166 

205 

215 


0.67 

0.74 

0.72 


58 

75 

81 


0.93  207 


Site  79.  .5an  Antonio.  Mea  Mexico 


19 

14 

47 

64 

108 

66 

102 

72 

90 

100 


7/7/53* 

7/7/53* 

7/7/53* 

7/7/53* 

7/9/53* 

7/9/53* 

7/9/83* 

7/9/53* 

7/13/53* 

7/13/53* 

7/13/53* 

7/13/53* 

7/14/53* 


16.6 

17.0 

19.0 

18.8 

14.2 

18.3 

15.4 

16.9 

14.5 

11.8 

17.1 

18.1 

12.6 


210 

158 

183 

133 

265 

211 

146 

214 

221 

294 

252 

223 

258 


Inflltrometer  test  (artificial  rainfall). 
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Table  A3  (Continued) 


Date 

mcTT 

Cl 

RI 

RCI  1 

Date 

MC.  % 

Cl 

RI 

RCI  1 

Date 

Cl 

RI 

KCI 

Site  8^, 

,  Alhunueroue 

1 

,  t;.  Hex.  1 

Site 

Rhinelander. 

*  • 

{ Cont 'd) 

(Confd) 

(Cont’d) 

7A>t/53< 

20.  ii 

153 

8A/53* 

23.9 

174 

7/21/53 

23.2 

201 

0,3'^* 

78 

7/llt/53‘ 

11. 

299 

8A/53* 

28.6 

138 

0.86 

119 

7/30/53 

«A/53 

36. 1 

146 

O.ltl 

60 

7/l'*/53’< 

16.6 

2lt2 

HA/53* 

17.9 

212 

36.4 

136 

0.28 

,0 

7/l't/53* 

20.6 

185 

8A/53* 

21.1 

143 

0.72 

103 

«/26/53 

20.7 

26/, 

7/16/53* 

ll*.'.) 

2lt2 

3A/53‘ 

23.3 

132 

0.77 

102 

8/18/53 

9/1/53 

28.8 

208 

0.36 

75 

7/16/53* 

18.7 

182 

8A/53* 

21.5 

154 

0.73 

112 

29.8 

195 

7/16/53* 

lit.O 

253 

8A/53‘ 

17.6 

157 

9/9/53 

27.6 

203 

7/16/53* 

19.1 

170 

8A/53* 

22.7 

155 

0.7c 

118 

9/15/53 

20.6 

281 

7/20/53 

11.7 

280 

8/6/53* 

22.3 

186 

9/22/53 

18.1 

277 

7/20/53 

16.8 

227 

8/6/51* 

23,1 

155 

0,74 

115 

10/1/53 

16.6 

282 

7/20/53 

18.0 

203 

8/6/53* 

24.3 

168 

0.92 

i;'5 

10/22/53 

15.3 

300 

7/20/53 

lii.l 

273 

8/6/53* 

26.4 

136 

C.H3 

113 

U/3/53 

14.C. 

300 

iO/13/53* 

15.2 

259 

S/6/53* 

24.3 

169 

0.34 

142 

10/13/53* 

19.6 

203 

!  8/6/53* 

21.8 

162 

0.80 

Utl. 

oite  Rhinelander, 

,  Wis. 

10/13/53* 

22.2 

153 

0.86 

132 

8/6/53* 

21.2 

162 

0.80 

130 

5/7/53 

10/13/53* 

21.5 

208 

8/6/53* 

23.1 

167 

0.87 

30.5 

169 

0.48 

10/13/53* 

22,2 

125 

0.88 

110 

1  8/12/53* 

21.5 

150 

0.84 

126 

r-/l9/53 

6/2/53 

25.7 

184 

0.4o 

7** 

10/16/53* 

21.1 

157 

3/12/53* 

21./ 

196 

25.9 

200 

0.53 

ICf 

10/16/53* 

21.1 

222 

!  10/7/53* 

22.9 

136 

0.83 

113 

6/9/53 

21.0 

222 

10/19/53* 

20.6 

250 

10/7/53* 

21.4 

117 

0.78 

91 

6/1V53 

30.3 

180 

0.32 

r*^ 

10/23/53 

20.  It 

213 

10/7/53* 

15.7 

242 

6/25/53 

27.1 

325 

0.25 

31 

10/29/53 

l8.lt 

191 

10/7/53* 

17.8 

202 

7/3/53 

33.3 

17- 

0.38 

66 

10/29/63 

llA/53 

21.7 

220 

10/7/53* 

16.5 

216 

7/7/53 

35-1 

192 

0.36 

69 

18.8 

2lt9 

!  10/14/53 

19.5 

184 

0.34 

155 

7/16/53 

25. 3 

260 

10/14/53* 

17.4 

175 

0.85 

149 

7/23/53 

17.2 

269 

Site  81. 

,  Albuquerouo 

.  II.  Hex.  1 

1  10/16/53* 

18.8 

172 

0.85 

146 

7/30/53 

17.8 

249 

7/21/53* 

10/16/53* 

19.7 

151 

3/11/53 

21.4 

277 

12.it 

207 

10/22/53 

55.0 

171 

8/18/53 

19.1 

259 

7/21/53* 

15.7 

22lt 

10/30/53 

10/30/53 

19.2 

l6Jt 

3/26/53 

11.3 

279 

7/21/53* 

l6.lt 

12lt 

0.70 

87 

20.1 

153 

9/9/5? 

10.0 

260 

7/21/53* 

7/21/53* 

8.8 

19.0 

291 

167 

0.63 

305 

10/30/53 

11/3/53 

15.8 

14.6 

ROO 

•00 

Site 

90,  Rhinelander.  Ills 

7/23/53* 

12.5 

2Ul 

7/23/53* 

13.7 

216 

Site  85 

,  Bernalillo, 

ri.  .Hex.  1 

5/7/53 

22.2 

199  ■ 

7/23/53* 

13.6 

190 

1 

5/19/53 

15,6 

214 

7/23/53* 

9.2 

286 

;  8/11/53* 

18.4 

125 

0,76 

95 

6/4/53 

22.lt 

200 

7/23/53* 

13.8 

180 

I  8/11/53* 

8.4 

222 

6/10/53 

16.2 

196 

7/23/53* 

lit. 2 

20lt 

8/11/53* 

14.4 

126 

7/3/53 

25.7 

133 

7/23/53* 

10.8 

2lt6 

8/11/53* 

13.2 

187 

7/7/53 

19.4 

137 

7/28/53* 

llt.lt 

250 

8/11/53* 

16.0 

92 

7/16/53 

18.5 

I3l 

7/28/53* 

18.3 

151 

C.72 

109 

8/11/53* 

14.8 

147 

0.98 

144 

7/23/53 

11.6 

147 

7/28/53* 

11.9 

227 

8/13/53 

16.^ 

115 

7/30/53 

12.1 

163 

7/28/53* 

A-3 

218 

VisA3 

14.7 

171 

8/12/53 

13.6 

172 

7/28/53* 

16.7 

175 

0.67 

117 

8/13/53 

16.4 

139 

8/18/53 

15.5 

217 

7/30/53* 

9.6 

283 

8/13/53 

14.8 

143 

8/27/53 

4.6 

182 

7/30/53* 

13.1 

280 

9/22/53* 

14.3 

199 

9/2/53 

7.7 

182 

7/30/53* 

lit  .2 

205 

9/22/53* 

9.6 

288 

9/9/53 

5.8 

250 

7/30/53* 

10.3 

277 

9/22/53* 

19.0 

101 

0.97 

98 

9/15/53 

6.1 

178 

7/30/53* 

12.6 

269 

9/22/53* 

15.8 

147 

9/21/53 

6.7 

240 

7/30/53* 

lit -5 

206 

9/22/53* 

9.8 

260 

9/30/53 

6.5 

228 

9/29/53* 

9.6 

269 

9/22A3* 

17.9 

127 

0.95 

121 

10/15/53 

3.9 

189 

9/29/53* 

12.3 

235 

9/24/53* 

15.6 

117 

10/21/53 

4.6 

287 

9/29/53* 

17.0 

Iit9 

0.90 

13lt 

9/24/53* 

l4.o 

138 

9/29/53* 

11.6 

276 

10/2/53* 

12.8 

164 

Site 

91.  Rhinelander.  Wis. 

9/29/53* 

13-7 

260 

10/2/53* 

12.0 

227 

9/9/53* 

10/1/53* 

18.8 

133 

0.65 

85 

10/2/53* 

13.5 

190 

5/11/53 

8.7 

182 

12.9 

27lt 

10/2/53* 

12.2 

220 

5/19/53 

9.6 

189 

10/1/53* 

15.9 

201 

10/8/53* 

11.5 

217 

5/27/53 

9.5 

160 

10/1/53* 

12.6 

250 

10/8/53* 

11.7 

188 

6/10/53 

6.4 

212 

10/1/53* 

13-7 

216 

6/17/53 

6.4 

207 

10/9/53* 

12.6 

263 

1  Site  88,  Rhinelander,  Wis. 

6/23/53 

9.1 

217 

10/^53* 

12.6 

275 

7/3/53 

3.8 

204 

lc/15/53* 

10.6 

292 

5/7/53 

35.1 

123 

0.26 

32 

7/7/53 

11.8 

145 

10/15/53* 

ll.lt 

29lt 

5/19/53 

6/2/53 

31-3 

152 

0.37 

56 

7/17/53 

7.4 

201 

30.5 

181 

0.27 

49 

7/22/53 

5.6 

201 

Site  83 

,  Albuaueraue 

.  H.  Hex. 

6/^53 

29.3 

164 

0.40 

66 

7/29/53 

10.7 

231 

6/17/53 

31.2 

125 

0.32 

40 

5/5/53 

13.6 

93 

SA/53* 

25.9 

153 

0.76 

116 

6/25/53 

7/3/53 

36.7 

84 

0.32 

27 

8/12/53 

9.5 

273 

8/lt/53* 

19.5 

267 

37.0 

94 

0.29 

27 

8/19/53 

9.6 

231 

8A/53* 

20.0 

196 

7/7/53 

r6.0 

115 

0.30 

34 

J/27/53 

5.9 

300 

8A/53* 

19.0 

263 

7/16/53 

35.1 

125 

0.37 

46 

(Continued) 

Infiltroraeter  tost  (artifioial  rainfall). 
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■n 


Table  A3  (Continu^'d) 


nite  91,  Rhinelander,  Uis. 
(Cont'd) 


ptjipol^r' (Crint*‘0  I  Site  103 <  Kesa  Lake,  Crlo.  (Cont*d^ 


9/2/53 

9/10/53 

9/16  A  3 

9/22/53 

9/30/53 

10/15/53 

10/21/53 

10/’0/53 


5/1/53 

6/2/53 

6/10/53 

6/19/53 

7/3/53 

7/15/53 

7/22/53 

7/29/53 

8/5/53 

8/13/53 

8/19/53 


5/8/53 

5/20/53  ' 

6/2/53 

6/10/53 

6/17/53 

6/2^53 

7/3/53 

7/9/53  ■  ■ 

7/15/53 

7/22/53 

7/29/53 

?^5/53 

8/12/53 

8/19/53  - 

*U/22/5lt 

.V27/5lt- 

i*/29/5‘t 


5/5/53 

6/17/53  ■ 

6/25/53 

7/3/53 

7/9/53 

7/17/53 

7/22/53 

» 

8/12/53 

8/19/53 

8/28/53 

9/7/53 

9/10/53 

9/16/53 

10/2/53 

10/8/53 

10/15/53 

10/21/53 


Rhinelander, 

11. n  alili 


8.8  252 

Rhinelander,  Hla . 


17.0  275 


22.3  221 

21.4  230 


Rhinelander,  Wls. 


26.3  210 

29.6  99 
30.1  108 

29.8  192 

18.6  239 
15.9.  179 

23.8  118 

22.7  132 


14.4  293 


9-9  270 


Rhinelander,  Wls. 


5/8/53 . 

29.1 

143 

0.35 

50 

5/20/53 

28.4 

132 

0.38 

50 

6/4/53 

25.3 

162 

0.38 

62 

6/10/53 

23.9 

207 

0.31 

64 

6/17/53 

27.9 

179 

0.30 

54 

6/25/53 

28.7 

104 

0.23 

24 

7/2/53 

32.8 

98 

0.30 

29 

7/9/53 

7/17/53 

7/24/53 

7/29/53 

8/5/53 

8/13/53 

8/19/53 

8/26/53 

9/3/53 

9/11/53 


13.3  229 
25.9  146 


18.4  225 
14 .0  290 
13.3  275 


31te  98,  Rhinelander 


5/8/53 

5/20/53 

6/4/53 

6/10/53 

6/17/53 

6/25/53 

7/2/53 

7/9/53 

7/17/53 

7/24/53 

7/29/53 

8/5/53 

8/13/53 

8/19/53 

8/26/53 

9/3/53 

9/17/53 

9/23/53 

10/1/53 

10/8/53 

10/15/53 

11/3/53 


24.8  202 
27.5  203 


19.6  254 


15.7  265 
13.9  294 
16.0  271 
12.5  299 


Site  101.  Ashland.  Wls. 


5/15/53 

5/29/53 

6/12/53 

6/26/53 

7/27/53 

8/10/53 

8/25/53 

9/8/53 

4/14/54 

4/23/54 


5/29/53 

6/12/53 

6/26/53 

7/27/53 

8/10/53 

8/26/53 

9/8/53 

2/10/54 

4/14/54 

4/23/54 

4/28/54 


6/30/53 

7/13/53 

8/10.53 

8/3^53 

9/7/53 

9/15/53 

10/20/53 

10/21/53 

5/24/54 

5/26/54 


26.1 

143 

1.05 

150 

29.8 

107 

0.88 

94 

25.3 

126 

0.97 

122 

20.3 

159 

23.4 

145 

0.92 

133 

21.8 

139 

0.97 

135 

23.2 

167 

1.01 

169 

29.4 

179 

27.8 

143 

1.00 

143 

24.2 

137 

1.02 

l4o 

102,  Ashland 

.  Wls. 

26.0 

160 

0.30 

48 

24.4 

216 

0.34 

73 

23.2 

208 

0.42 

87 

23.5 

227 

0.44 

100 

20.4 

251 

17.2 

294 

18.1 

300 

16.6 

224 

21.4 

254 

0.36 

91 

23.1 

257 

0.53 

136 

21.5 

232 

0.38 

88 

03,  Mesa  Lake,  Colo. 

27.4  109  0.88  9 

17.4  222 
13.8  127 

15.6  137 

16.6  122 
15.2  200 


(Continued) 


5/28/54  32.0  '’1  0.55  /7 

5/31/54  33.4  % 

Site  Lands  I-tid, 


6/19/53 

^1.9 

159 

0.92 

146 

6/29/53 

27.2 

79 

0.95 

/5 

7/13/53 

21.2 

224 

7/20/53 

18.0 

190 

8/3/53 

18.5 

242 

8/10/53 

15.9 

220 

“ ,  W  i  s . 

8/31/53 

15.5 

300 

9/7/53 

12.1 

265 

0.22 

33 

9/14/53 

13.7 

300 

0.26 

36 

10/20/53 

34.0 

95 

0.81* 

80 

0.34 

68 

10/21/53 

33.6 

83 

0.60 

53 

0.33 

67 

5/10/54 

I‘2.4 

85 

0.62 

53 

0.25 

51 

5/24/54 

31.9 

05 

0.5« 

55 

0.31 

44 

5/26/54 

31.5 

121 

0.38 

106 

0.26 

21 

5/28/54 

31.4 

147 

0.88 

129 

0.39 

69 

5/31/54 

30.0 

132 

0.32 

65 

Site  103.  Hes 

a  la^e 

,  Colo. 

0.31 

40 

6/29/53 

72.6 

161 

0.42 

68 

0.32 

53 

7/2/53 

70.4 

136 

0.62 

84 

0.45 

76 

8/4/53 

61.9 

157 

0.84 

132 

8/31/53 

62.5 

151 

9/7/53 

71.3 

18: 

0.82 

148 

9/15/53 

54.2 

199 

0.78 

155 

10/12/53 

5S‘.0 

176 

0.90 

158 

Site  109»  Grand  Mesa,  Colo . 


6/9/53 

6/30/53 

7/20/53 

8/4/53 

8/31/53 

9/7/53 

9/15/53 

10/28/53 

10/30/53 

5/10/54 

5/13/54 

5/25/54 

5/31/54 


30.2  220 
30.8  177 


32.0  24l 
33.3  92 


0.78  72 
0.80  81 
0.89  143 


Site  110,  Grand  Mesa,  Colo. 


6/39/53 

6/30/53 

7/21/53 

8/4/53 

9/2/53 

9/7/53 

9/15/53 

11/2/53 

1V16/53 

4/19/54 

4/22/54 

4/27/54 

5/6/54 

5/10/54 

5/25/54 

5/31/54 


22.0  129 

20.2  146 
16.7  216 

16.2  250 


23.8  157 


Site  112,  Grand  Mesa. 


6/19/53 

6/30/53 

8/4/53 

9/2/53 

4/13/54 

4/15, /54 


23.7  24l 

17.8  284 
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Table  A1  (Continued) 


Date 

MC,  5* 

Cl 

RI 

RCI 

Site 

112.  Grand  Mesa,  Colo. 

lt/l9/5>< 

(Cont'd) 

31. p  125 

0.73 

91 

ii/22/5l* 

29.8 

106 

C.78 

83 

lt/26/5't 

SS-l* 

99 

0.62 

61 

5/IO/5I1 

30.7 

128 

0.83 

106 

5/25/5'* 

2C.3 

139 

0.92 

128 

Site  llU,  Lands  Knd,  Colo. 


(■/ie/53 

2lt  .7 

11*2 

6/19/53 

25.5 

156 

6/29/53 

16.6 

207 

9/l'*/53 

17.1. 

300 

10/26/53 

33.6 

103 

0.71* 

76 

10/27/53 

•52.6 

125 

0.76 

95 

10/29/53 

35.0 

11*8 

0.80 

*18 

11/2/53 

21.lt 

253 

11/5/53 

15.2 

2lt6 

11/16/53 

22.1 

180 

U/12/5'* 

31*  .6 

12!t 

O.ltO 

'61 

'*/l6/5'* 

36.  C 

13? 

0.69 

96 

l*/l9/5'. 

2?. 8 

200 

it/23/51* 

12.2 

131 

0.73 

102 

1i/26/5!< 

*1*5 

0.67 

97 

5/6/51* 

32. ( 

no 

0.58 

6*1 

5/2l*/5'- 

2lt.( 

2v'7 

5/31/51* 

23.0 

223 

Site  nil,  I^nds  Fiid,  Colo. 


6/29/53 

15.8 

120 

6/29/53 

12.1* 

235 

V9/5I* 

23.  P 

92 

0.50. 

1*6 

l*/l2/5l* 

21. R 

79 

0.1*9 

39 

l*/ll./5l* 

21.6 

103 

0.5I* 

58 

V16/5I* 

2l.  .6 

97 

0.59 

57 

11/15/51. 

21.2 

123 

0.56 

69 

i*/23/5l* 

21 .6 

106 

0.60 

61* 

!*/26/5l* 

19.3 

128 

0.67 

86 

5/3/51* 

2lt.3 

76 

0.57 

1*3 

5/10/51* 

23.8 

111 

0.72 

80 

5/2l*/5l* 

19.0 

206 

5/31/51* 

15.3 

280 

Site  llC,  I,ands  End,  Colo. 


6/18/53 

18.5 

300 

6/29/53 

17.2 

300 

7/13/53 

15.8 

300 

7/20/53 

15.1* 

21*2 

3/19/51* 

25.2 

21*5 

3/22/51* 

23.2 

250 

3/23/51* 

30.1 

219 

I/5/5U 

26.1* 

258 

U/9/5I. 

22.3 

226 

l*/l2/5l* 

22.8 

21*6 

I/19/5I** 

35.1* 

I7I* 

it/21/51** 

32.6 

201 

11/23/51*“ 

37.3 

112 

h/23/51.' 

31.2 

205 

1./26/5I* 

I/30/5I* 

27.0 

199 

27.1* 

207 

Site 

117.  Delta, 

Colo. 

7/2U/53* 

IB.7 

122 

1.62 

198 

t/27/53* 

18. C 

173 

1.21 

209 

8/3/53" 

10.1* 

178 

5/5/53“ 

18.1* 

213 

8/7/53" 

16.5 

256 

10/7/53' 

13.1 

238 

1.23 

293 

10/0/5 3 ‘ 

15.2 

195 

1,22 

238 

10/12/53“ 

20.2 

201* 

10/10/53- 

18.0 

203 

r:/2l/53‘ 

19.1* 

106 

*'*/22/53> 

21*.  3 

153 

Date 

I'iC,  5 

CT 

RI 

RCI 

Site  119»  Delta.  Colo. 

7/2!*/53« 

10.2 

129 

2.10 

271 

7/27/53" 

11.4 

210 

8/3/53' 

9.4 

270 

8/3/53" 

16.0 

180 

8/5/53* 

12.9 

181* 

8/5/53* 

10.2 

292 

8/7/‘*3* 

9.1* 

285 

H/7/55. 

r-i.8 

202 

10/7/53- 

7.3 

245 

10/9/53* 

8.5 

267 

10/13/53 

271 

Site 

120,  Vic 

►'sburr 

. 

2/2l*/55 

25.2 

210 

3/1/55 

23.9 

235 

3/8/55 

23.1 

253 

0.80 

202 

3/15/55 

22.0 

289 

3/22/55 

24.0 

177 

0.56 

99 

3/22/55 

24.0 

220 

0.65 

143 

3/29/55 

22.5 

292 

'•/11/85 

26.1 

175 

0.38 

66 

l*/l3/55 

26.5 

171 

0.40 

68 

6/13/55 

25.6 

148 

0.44 

65 

6/13/55 

25.5 

178 

0.56 

100 

i*/l3/55 

25.1 

162 

0.60 

97 

l*/i3/53 

24.6 

179 

0.63 

113 

Site 

12'^.  Alexandria.  La. 

2/it/5l* 

21.3 

115 

0.76 

87 

2/11/51* 

22.1 

137 

2/18/51* 

21.4 

167 

2/26/51* 

22.0 

14? 

3/U/5I* 

22.0 

147 

3/11/51* 

22.2 

138 

3/18/51* 

22.0 

153 

3/2l*/5U 

21.8 

139 

Vl/51* 

23.3 

148 

l*/2/5U 

23.0 

136 

0.54 

73 

l*/8/5>* 

21.3 

122 

4/16/51* 

26.0 

94 

4/23/54 

21.5 

Il4 

4/29/54 

23.4 

112 

5/6/54 

23.2 

82 

0.67 

55 

5/13/54 

24.8 

100 

5/20/54 

21.1 

132 

5/27/5I* 

22.8 

118 

6/4/54 

19-3 

217 

6/8/54 

18.7 

232 

6/18/54 

16.4 

262 

6/24/54 

13.7 

300 

Site  124,  Alexandria,  La. 

2/3/54 

28.4 

119 

0.22 

26 

2/11/54 

27.0 

200 

2/18/54 

25.8 

240 

2/26/54 

24.9 

300 

3/4/51* 

24.3 

293 

7/11/54 

36.3 

286 

V18/5-'* 

21.1 

300 

3/2U/54 

23.9 

300 

4/2/54 

26.3 

180 

4/8/54 

25.6 

242 

4/16/54 

29.3 

168 

4/13 '54 

24.2 

227 

4/29/54 

26.3 

132 

5/6/51* 

27.3 

138 

0.28 

39 

5/13/54 

32.2 

149 

5/20/54 

24.8 

252 

5/27/54 

25.7 

96 

6/4/54 

22.0 

300 

6/8/54 

21.8 

300 

( Continued) 


Date 

MO, 

Cl 

RI 

F(CI 

Site 

125, 

Robbs « 

Ill. 

4/22/55 

30.1 

o4 

0.70 

45 

4/26/55 

30.6 

81 

0.80 

65 

4/29/55 

27.9 

120 

0.57 

68 

5/3/55 

26.3 

177 

0.1*7 

83 

5/9/55 

22.3 

191 

5/18/55 

25.6 

147 

0.39 

57 

5/20/55 

23.5 

180 

2/20/56 

32.3 

64 

0.50 

32 

2/27/56 

31.0 

68 

0.32 

22 

3/8/56 

3/14/56 

30.7 

32.7 

99 

76 

0.39 

0.36 

39 

27 

3/16/56 

31.4 

104 

0.38 

40 

3/19/56 

30.6 

34 

0.44 

37 

3/23/56 

29.9 

93 

0.65 

60 

3/30/56 

27.2 

120 

0.54 

65 

4/4/“*. 

30.7 

89 

0.35 

31 

4/16/56 

33.4 

66 

0.36 

24 

5/11/56 

26.4 

147 

0.62 

91 

5/16/56 

26.7 

132 

0.85 

112 

5/24/56 

23.8 

195 

0.88 

172 

6/1/56 

26.7 

125 

0.38 

48 

Site  126,  Oxford.  Miss. 


5/5/54 

28.7 

113 

5/13/54 

31.? 

107 

3/16/55 

35.0 

117 

3/21/55 

30.2 

95 

3/23/55 

30.0 

121 

3/25/55 

26.8 

96 

5/19/55 

25.2 

300 

6/29/55 

22.2 

300 

Site  127.  Oxford.  Miss. 


5/5/54 

22.8 

l'(4 

5/13/54 

24.1 

149 

5/21/54 

20.2 

248 

3/16/55 

24.2 

178 

3/21/55 

25.6 

11*9 

3/23/55 

20.0 

178 

3/25/55 

21.2 

162 

5/19/55 

23.0 

300 

6/29/55 

21.4 

205 

Site  128,  Oxford, 

5/13/51* 

27.8 

136 

5/21/54 

25.6 

249 

3/16/55 

25.8 

163 

3/21/55 

27.6 

118 

i/23/55 

32.0 

127 

3/25/55 

28.6 

l4l 

5/19/55 

13.6 

300 

6/29/55 

17.7 

266 

Site  139.  Redwood.  Miss. 


12/27/56 

21 .6 

300+ 

1/7/57 

26.4 

265 

1/18/57 

23.9 

296 

1/25/57 

28.1 

207 

2/4/57 

26.5 

189 

2/25/57 

27.2 

255 

0.59 

150 

2/23/57 

25.8 

253 

3/19/57 

25.3 

266 

3/27/57 

24.7 

277 

4/4/57 

23.9 

265 

0.63 

167 

4/12/57 

24.3 

287 

4/16/57 

24.0 

300-t 

4/26/57 

22.6 

300-t 

5/23/57 

16.4 

300-t- 

6/4/57 

23.5 

289 

7/9/57 

22.8 

300-* 

■  Irfilt foretei'  test  (artificial  rainfall) 
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Date 

"ci 

130,  hedwood. 

RI 

RCT  1 

Date 

MO,  7 

CI 

RI 

KCI  1 

Dat^i 

Kf.  + 

fT 

»T 

Site 

Miss. 

Site  133. 

Onward 

,  Miss 

.  ( Co.it  M) 

Site  1^0,  Miles  City,  Mont,  ('^ont'd' 

1/-  ^7 

21.7 

235 

4/2/57 

29.2 

75 

0.71 

53 

4/30/54 

16.3 

252 

1/9/ x7 

23.3 

195 

4/9/57 

29.0 

112 

0.8] 

91 

5/14 654 

15.3 

279 

1/18/57 

21.7 

300  f 

4/23/57 

32.4 

87 

0.89 

77 

5/24/54 

14.8 

300 

1/25/57 

35.5 

174 

5/8/57 

S'.  .9 

125 

6/11/54 

18.4 

300 

1/31/57 

26.1. 

231 

5/24/57 

26.2 

I3S 

0.70 

97 

6 /20/54 

27.9 

151 

22,2 

280 

5/29/57 

26.7 

148 

0.87 

129 

Y/l/54 

19.7 

]60 

2/25/57 

25.3 

209 

0.52 

109 

6/14/57 

27.0 

157 

C.35 

133 

7/7/54 

25.4 

226 

3/1/57 

25.5 

195 

7/9/57 

25.0 

20lt 

0.74 

150 

7/9/54 

10.5 

193 

3/19/57 

25.3 

231 

7/18/57 

19.4 

300+ 

7/14/54 

17.9 

221 

3/27/57 

23.9 

257 

0.47 

121 

7/26/57 

23.0 

244 

7/16/54 

17.6 

195 

l./t/57 

26.7 

185 

0.45 

83 

7/21/54 

1+.3 

229 

'•/9/57 

2lt.2 

237 

0.66 

156 

i  Site  Onward, 

,  r'i33. 

//23/54 

17.1 

190 

ii  '16/57 

23.1* 

270 

!‘/23/57 

22.1 

273 

12/21/56 

51.9 

37 

Site  li>l.  Mile 

5  Citv 

’,  Mont. 

5/10/57 

19.8 

280 

1/8/57 

41.2 

02 

1.0^ 

‘‘7 

5/23/57 

17.5 

287 

i  1/13/57 

43.3 

1.  n 

1 

4/3/5lt 

25.1 

194 

5/20/57 

20.lt 

238 

1/25/57 

59.3 

'V. 

4/lf./54 

25.5 

182 

( /;V57 

23.9 

24l 

C.57 

137 

1/31/57 

47.5 

8!* 

1.00 

31. 

4 /30/54 

23.4 

2*32 

15.5 

284 

2/14/57 

48.1 

35 

1.19 

101 

5/14/54 

20.2 

360 

2/27/57 

47.5 

83 

1.14 

c,5 

6/22/54 

27.1 

177 

Site  131,  Valley  TarK,  Miss.  | 

3/13/57 

45.8 

80 

6/28/54 

27.4 

129 

4/10/57 

47.5 

32 

0.01 

75 

6/30/54 

24.5 

loi* 

12/31/56 

21.1 

300+ 

4/18/57 

41.5 

80 

0.00 

70 

7/9/54 

20.4 

300 

'•-hh'i 

19.9 

264 

4/25/57 

4l.0 

89 

0.98 

37 

1/18/57 

.iu.: 

300+ 

1  5/16/57 

40.8 

104 

1.07 

111 

.5ite  152,  Miles  City,  Mont. 

l/25/''-7 

22.9 

209 

7/12/57 

35.3 

207 

0.70 

145 

23.6 

209 

0.82 

171 

7/16/57 

28.7 

234 

1.13 

264 

't/19/54 

17.5 

24l 

2/25/57 

28.6 

99 

0.49 

48 

8/1/57 

29.6 

287 

4/30/54 

15.1 

251 

livyi 

27.1 

117 

5/14/54 

11.5 

300 

itv-.bi 

26.5 

139 

Site  135,  Eanle  Lake, Miss 

5/28/54 

25.4 

126 

0.70 

86 

3/27/57 

27.6 

126 

0.73 

92 

6/30/54 

24.0 

l40 

0.60 

84 

«/a/57 

20.7 

114 

0.58 

66 

12/28/56 

37.8 

163 

7/7/54 

18.9 

219 

‘*/9/57 

25.2 

146 

0.71 

104 

1/7/57 

36.4 

105 

1.74 

183 

7/9/54 

16.^ 

280 

2I1.7 

170 

0.82 

139 

1/18/57 

38.5 

127 

0.35 

108 

7/14/54 

14.6 

289 

‘♦/23/57 

26.0 

142 

0.77 

109 

1/25/57 

39.4 

106 

7/16/54 

13.1 

30c 

5/8/57 

2U.2 

156 

1/31/57 

41.1 

96 

0.93 

89 

7/21/54 

11.5 

293 

5/2V57 

26.2 

158 

0.62 

98 

2/14/57 

38.8 

148 

1.00 

148 

25.5 

158 

0.73 

115 

2/27/57 

39-5 

107 

0.94 

101 

Site  153.  Rockford,  Wash. 

6/^l‘*/57 

2U.8 

168 

0.71 

119 

3/5/57 

37.1 

123 

23.3 

217 

0.81 

176 

4/10/57 

38.8 

120 

0.9: 

109 

3/12/54 

33.1 

44 

7/19/57 

18.2 

234 

4/13/57 

37.0 

109 

1.05 

114 

4/2/54 

29.2 

60 

0.24 

14 

7/26/57 

23.2 

234 

0.79 

185 

4/25/57 

35.9 

110 

0.97 

107 

4/16/54 

28.2 

63 

0.38 

24 

5/22/57 

31.8 

178 

0.80 

142 

4/30/54 

27.1 

83 

0.48 

40 

Site  132,  Valley  Park,  Miss.  i 

6/19/57 

29.8 

231 

5/14/54 

24.1 

100 

0.60 

60 

7/10/57 

31.2 

178 

5/20/54 

22.1 

118 

0.90 

106 

12/27/56 

U4.U 

98 

7/16/57 

27.4 

243 

6/2/54 

28.0 

86 

0.4l 

35 

1/8/57 

UU.8 

119 

1.11 

132 

1/18/57 

U5.It 

120 

1.07 

138 

1  Site  3.36,  EaRlc  Lake*  Miss 

1  Site  155,  Rockford,  Wash. 

1/25/57 

U7.4 

98 

2/U/57 

44.9 

107 

0.86 

92 

12/28/56 

27.9 

171 

3/22/54 

36.3 

149 

0.22 

33 

2/15/57 

45.5 

123 

0.98 

120 

1/7/57 

29.5 

124 

0.91 

113 

it/13/54 

31.5 

195 

0.26 

51 

2/27/57 

47.5 

86 

1.00 

86 

1/18/57 

27.9 

131 

4/23/54 

33.5 

231 

0.39 

90 

46.5 

115 

1/25/57 

29.8 

126 

4/28/54 

33.7 

214 

0.32 

68 

'♦/12/57 

47.6 

87 

1.02 

89 

1/31/57 

31.9 

139 

0.75 

104 

5/5/54 

32.0 

238 

0.76 

131 

45.5 

92 

0.98 

90 

2/14/57 

29.7 

143 

0.83 

139 

5/14/54 

28.1 

253 

0.56 

142 

IMyt 

35.8 

185 

1.05 

194 

2/26/57 

30.7 

118 

0.86 

102 

5/20/54 

28.3 

257 

1.05 

270 

6/19/57 

41.9 

102 

3/4/57 

29.3 

138 

1 

6/2/54 

28.1 

270 

0.97 

262 

7/12/57 

41.6 

l4o 

1.01 

141 

3/19/57 

30.3 

125 

6/9/54 

24.9 

284 

36.9 

169 

4/2/57 

30.7 

120 

0.78 

94 

4/10/57 

29-5 

128 

0.76 

97 

1  Site  156,  Rockford,  Wash. 

Site  133,  Onward, 

Miss. 

4/18/57 

27.7 

151 

0.87 

131 

4/25/57 

27.1 

157 

0.78 

123 

3/22/54 

36 .9 

80 

0.49 

39 

12/26/56 

27.2 

160 

5/9/57 

26.6 

178 

0.79 

14 1 

4/1/54 

35.1 

104 

0.73 

76 

1/8/57 

21.5 

228 

5/22/57 

25.6 

185 

0.83 

153 

4/14/54 

35.4 

95 

0.63 

60 

1/18/57 

22.7 

213 

6/19/57 

23.5 

212 

0.95 

201 

4/27/5'* 

32.7 

126 

0.63 

79 

23.4 

221 

7/10/57 

25.7 

172 

0.82 

l4l 

5/14/54 

't4 .7 

72 

0.25 

18 

27.5 

l4l 

0.72 

101 

7/18/57 

21.0 

252 

5/14/54 

19.0 

171 

0.93 

159 

zlyilyt 

28.6 

96 

0.92 

88 

8/1/57 

17.6 

298 

5/20/54 

24.3 

220 

2/26/57 

27.8 

94 

0.73 

69 

6/2/54 

24.8 

170 

27.6 

113 

1  Site  150,  Miles  City,  Mont. 

6/9/54 

24.0 

157 

0.90 

14 1 

3/27/57 

29.2 

91 

0.72 

65 

4/19/54 

18.4 

236 
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APPENDIX  B:  SOIL  STRENGTH  MEASURES 


1*  i.ricxuQ.sci  j-ii  {ippciiu-ix  cixt?  uixso.  cSCi'ip'bxcns  Oi*  "biiC  cQ_w.ipiriCri'b 

used  and  procedures  x-  followed  in  measuring  cone  index  (Cl) ,  remolding  index 
(RI),  and  rating  cone  index  (RCl)  for  this  study. 


Cone  index 


Equipment 

2.  Cl  was  measured  with  a  0.5-sq-in.  cone  penetrometer,  the  prin¬ 
cipal  instiument  used  to  evaluate  soil  trafficability  at  the  WES.  The  in- 
strjmenb  consists  of  a  30-deg  right  circular  cone  having  a  basal  area  of 
0.5  sq  in.  mounted  on  one  end  of  a  5/8-in.-diam  staff;  mounted  on  the  oppo¬ 
site  end  are  a  proving  ring  with  micrometer  dial  gage  and  a  handle.  When 
the  cone  is  forced  into  the  ground,  the  proving  ring  is  deformed  in  propor¬ 
tion  to  the  force  applied.  Twice  the  amount  of  force  in  pounds  required  to 
move  the  cone  slowly  through  a  given  plane  is  indicated  on  the  dial.  The 
dimensions  of  a  dial  reading  (pounds  per  square  inch)  are  generally  disre¬ 
garded,  and  the  reading  is  considered  to  be  only  an  index  of  shearing  re¬ 
sistance.  The  range  of  readings  for  a  0.5-sq-in.  cone  penetrometer  is  from 
0  to  300.  A  disassembled  cone  penetrometer  is  shown  in  fig.  Bl. 

Use  of  equipment 

3.  In  use,  the  palm  of  one  hand  was  placed  directly  over  the  handle 
of  the  penetrometer'  and  the  other  palm  was  placed  over  the  back  of  the 
first  hand  as  shown  in  fig.  B2a.  'This  type  of  grip  permitted  a  uniform  and 
well-controlled  force  on  the  handle.  "Eie  cone  was  then  slowly  pushed  into 
the  soil  until  its  base  was  flush  wibh  the  soil  surface.  At  that  point  the 
movement  of  the  cone  was  momentarily  halted  and  the  force  released.  The 
force  on  the  handle  was  then  reapplied  slowly  and  uniformly  until  the  cone 
began  to  move  again;  a  dial  reading  made  at  that,  instant  was  the  surface 
cone  index.  Cl  readings  for  any  given  depth  \,ere  made  similarly,  i.e.,  by 
pushing  the  cone  to  the  desired  deptn,  releasing  the  force  on  the  handle 

^  At  the  time  of  this  stuay,  the  procedures  described  herein  were  standard; 
they  were  subsequently  modified. 


Bl 


Fig.  B2.  Equipment  used  in  measuring  soil  strength 


monentarily,  reapplying  the  force,  and  reading  the  dial  Just  as  the  cone 
began  to  penetrate  again. 

4.  In  obtaining  Cl  data  for  a  site  during  a  given  visit  several  pen¬ 
etrations  were  made  with  readings  being  taken  at  the  surface  and  at  3-in. 
inter\'^als  from  the  surface  to  the  l8-in.  depth  or  until  the  soil  became  too 
firm  to  penetrate.  For  a  given  penetration,  the  first  depth  at  which  a 
reading  greater  than  300  was  encountered  was  assigned  a  value  of  300;  if 
further  penetration  could  not  be  made,  lower  depths  were  generally  assigned 
values  of  300+ . 

Computations 

5.  To  compute  the  6-  to  12-in.  Cl  for  a  visit  at  a  site  the  Cl  read¬ 
ings  for  the  6-,  9-j  and  12-in.  depths  were  first  averaged  by  depth.  The 
average  6-,  9-,  and  12- in.  depth  Cl’s  were  then  averaged  to  obtain  the  aver¬ 
age  Cl  of  the  6-  to  12-in.  layer  for  the  site. 

6.  Procedures  for  treating  300  and  300+  readings  in  the  averaging 
process  were  as  follows.  If  two- thirds  or  more  of  the  readings  for  a  given 
depth  were  300  or  300+,  the  depth  was  assigned  a  value  of  300+ .  If  all 
three  depths  were  assigned  300+  values,  the  6-  to  12-in.  layer  for  that 
site  and  visit  was  also  assigned  a  value  of  300+ .  Otherwise,  300+  readings 
were  assumed  to  be  300  for  averaging  purposes.  It  can  readily  be  noted 
that  a  site  average  Cl  based  on  readings  of  which  one  or  more  were  300+ 
was,  in  practically  all  cases,  lower  than  the  actual  average  Cl  that  existed 
at  the  time  of  measurement. 


Remolding  Index 


Equipment 

7.  Three  pieces  of  equipment  were  used  in  making  a  RI  test:  (a)  a 
trafficability  sampler,  (b)  a  remolding  set,  and  (c)  a  cone  p‘-netrometer . 

8.  The  tra+ficability  samp’’.er  is  a  pis+on-type  soil  sampler  designed 
for  obtaining  relatively  undisturbed  samples  from  con^jaratively  soft  soils. 
San^iles  approximately  2  in.  in  diameter  and  7  in.  in  length  were  used  for 
making  remolding  tests  (samples  cut  to  specified  lengths  were  also  used  in 
making  density  and  gravimetric  moisture  determinations) .  The  primary 


purpose  of  the  piston  is  to  maintain  a  partial  vacuum  above  the  sample; 
this  helps  prevent  compression  of  the  sample  as  the  sampler  cylinder  is 
forced  into  the  soil  and  helps  prevent  the  loss  of  the  sample  as  the  cylin¬ 
der  is  removed  from  the  soil.  Its  secondary  purpose  is  to  force  the  sample 
from  the  sampler  cylinder.  A  trafficability  sampler,  disassembled,  is 
shown  in  fig.  B3. 


Fig.  B3-  Trafficability  sampler  (disassembled) 

B5 


9.  A  remolding  set  consists  of  a  cylinder  mounted  vertically  on  a 
base  and  a  2.5-lb  drop  hammer  that  is  free  to  travel  12  in.  on  a  shaft 
fitted  with  a  circular  foot  on  one  end  and  a  handle  on  the  other  end.  The 
cylinder  diameter  is  the  same  as  that  of  the  trafficability  sampler  cyl¬ 
inder.  A  rem.olding  set  is  shown  in  fig.  . 


■Pig.  Bit.  Remolding  set 


B6 


10.  Either  a  0.2-sq-in.  or  a  0.5-sq-in.  hasal  area  cone  penetrometer 
is  used  in  making  a  remolding  test.  The  0.2-sq“in.  penetrometer  is  similar 
in  construction  to  the  0.5-sq-in.  penetrometer  except  that  the  shaft  and 
cone  are  smaller.  Five  times  the  amount  of  force  in  pounds  required  to 
move  the  cone  slowly  through  a  given  plane  is  indicated  on  the  dial;  there¬ 
fore,  the  dimensions  of  a  dial  reading  are  the  same  for  both  penetrometers, 
i.e.  pounds  per  square  inch  (see  paragraph  2).  ITie  range  of  readings  for  a 
0.2-sq-in.  cone  penetrometer  is  from  0  to  750* 

Use  of  equipment 

11.  In  making  a  remolding  test,  a  sample  was  obtained  from  the  6-  to 
12-in.  soil  layer  arid  ejected  directly  into  the  remolding  cylinder.  The 
sample  was  then  pushed  to  the  base  of  the  cylinder  with  the  drop-hajnmer 
foot.  Cl  readings  were  tak.en  au  1-in.  intervals  from  the  sample  surface 

to  the  U-in.  depth.  The  sample  was  then  remolded  and  Cl  readings  were 
made  at  the  same  depths  as  prior  to  remolding. 

12.  For  fine-grained  soils  the  0.5“3q-in.  cone  penetrometer  was 
used,  and  remolding  of  the  sample  was  accomplished  by  applying  100  blows 
with  the  drop  hammer  (fig.  B2c)  .  For  sands  vrith  fines,  poorly  drained,  the 
0.2-sq-in.  cone  penetrometer  was  used,  and  remolding  of  the  sample  was  ac¬ 
complished  by  dropping  it  (along  with  the  cylinder  and  base)  25  times  from 
a  height  of  6  in.  onto  a  firm  surface. 

13.  In  making  a  penetration,  either  before  or  after  remolding,  the 
first  depth  that  was  stronger  than  the  capacity  of  the  penetrometer  and  all 
succeeding  depths  were  assigned  values  of  300+  (for  the  0.5-sq-in.  pene¬ 
trometer)  or  750+  (for  the  0.2-sq-in.  penetrometer).  A  test  was  considered 
valid  unless  readings  both  before  and  after  remolding  at  the  l-in.  depth 
were  300+  or  750+ . 

Computations 

14.  The  6-  to  i2-in.  RI  for  a  visit  at  a  site  was  computed  as  fol¬ 
lows.  For  each  sample  the  sum  of  the  Cl  readings  after  remolding  vfas  di-  - 
vided  by  the  sum  of  the  Cl  readings  before  'uemolding,  the  quotient  being 
the  RI  of  the  sample.  The  Rl's  of  all  tests  were  then  averaged  to  obtain 
the  average  RI  for  a  vi.sit. 

15.  In  summing  Cl  readings  before  and  after  remolding,  only 


corresponding  depth  values  were  included.  A  300+  (or  7!30+)  value  was  used 
providing  that  its  corresponding  before  or  after  depth  value  was  less  than 
300  (or  750);  a  300+  (or  750+)  value  was  not  used  if  its  corresponding  be¬ 
fore  or  after  depth  value  was  also  300+  ( or  750+) =  In  suminine .  300+  ( or 
750+)  readings  were  treated  as  being  300  (or  750).  As  opposed  to  Cl,  there 
is  no  indication  that  consistent  errors  in  RI  resulted  from  the  prescribed 
treatment  of  300+  (or  750+)  values  in  the  averaging  process  (see  para¬ 
graph  5). 

16.  The  RI  has  been  referred  to  in  this  report  as  well  as  others  as 
a  measure  of  soil  strength.  In  actuality,  the  RI  is  a  ratio  of  strengths 
(CI's)  and  is,  therefore,  nondimens ional. 

Rating  Cone  Index 

17.  The  average  RCI  for  a  visit  at  a  site  is  the  product  of  the  av¬ 
erage  Cl  and  average  RI .  It  is  accepted  as  an  index  of  the  shearing  re¬ 
sistance  of  the  soil  after  it  has  been  subjected  to  40-50  passes  of  a 
vehicle. 


b8 
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